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FOREWORD. 


The death of Sir Jocelyn Thorpe on Jnne 10, 1940, the day of publication of 
Yolume lY of the Dictionary, not only removed from the Chemical world one of its 
most distingnished members, but also created a vacancy in the Editorship of the 
Dictionary that will not easily be fiUed. Happily the planning of the work was so far 
advanced that the publication of Yolume Y has presented no insuperable difficulties, 
although, owing to the war activities of some of the contributors, certain subjects which 
normally would have been treated here will appear under modified titles in subsequent 
volumes. 

Gratitude is due to the Publishers not only for giving ns priority' of publication 
in spite of the difficulties due to war conditions, but also enabling us to issue with 
the volume an abridged interim index, in pamphlet form, to -the first five volumes. 
This is a list of cross references occurring under other headings which would have 
appeared as separate entries in these and later volumes had the Dictionary been 
published as a complete work. 

To our Reader, Dr. J. H. Goldsmith, we owe sincere thanks for his continued 
valuable assistance with the proofs and for many useful suggestions. We wish also 
to express our appreciation of the care and shill eshibited by the printers and draughts- 
men in the setting up of this volume. 

When, owing to war conditions, the work of the Dictionary could no longer be 
carried on in London it was transferred to the University Chemical Laboratory, 
Cambridge, where a room and library facilities were afforded by the Management 
Committee, to whom grateful acknowledgment is made. 


CXiEBEIDGX, 
Jvltj, 1941. 


M. A. WRITELBY. 
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Journal of the Chemical Society. 

Journal of the Society of Chemical Industry. 

Journal of the Agricultural Chemical Society of Japan. 

Journal of Agricnitnial Research. 

Journal of Agricultural Science. 

Journal of the American Ceramic Society. 

Journal of the American Chemical Society. 

Journal of the American Leather Chemists’ Association. 

Journal of the American Medical Association. 

Journal of the American Pharmaceutical Association. 

Journal of the American Society of Agronomy. - 
Journal of the American Society of Mechanical Engineers. 

Journal of the American Water Works Association. 

Journal of Applied Chemistry, U.S.SJR. 

Journal of Applied Phvsios {formerly Physics). 

Journal of the Association of OSciaJ Agri^ttnal Chemists. 

Journal of the Australian Institute of Agncultiirsl Science. 

Journal of Bacteriology. 

Journal of Biochemistry, Japan. 

Journal of Biological Chemistry . 

Journal of the British Dairv Farmers’ Association. 

Journal of the British Wood Preserving Associatioa. 

Cellulose Ihdnstiy, Journal of the Cellulose Institate, Tol^o. 
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J Chtm Educ I 

J Chtm Eng Ch\na I 

J Chem Ind Euts \ 

J Chem Met Soc S Afnca \ 

J Chem Phyaxca 

J Chem Soc Japan 

J Ch\m phys 

J Vkinese Chtm Soc 
J Cdl Agnc Hokkatdo 

J Coll Agnc Tokyo 

J Coll Eng Tokyo 

J Count Sn Ind Res 
Australia 
J Dairy Res 
J Dairy Set 
J Dept Agnc I F S 
J Dept Agnc Kyushu 

J Dept Agnc S Australia 
J Dept Agnc Victoria 
J Dept Agnc IT Australia 
J Econ Entomol 
J Egypt Med Assoc 
J Eleetrodep Tech Soc 
J Exp Bi« 

J Exp Med 
J Faculty Set Tokyo 
J FranUin Inst 
J Fuel Soc Japan 
J Qen Chtm Russ 

J Qen Physid 
J Otei 

J Oeol Soc Tokyo 
J Uygient 
J Ind Uyg 
J Indian Chtm Soc 
J Indian Inst Set 
J Inst Breto 
J Inst Fuel 
J Inst Metals 
J Inst Petroleum Tech 
J Inst Seicage Pun/ 

J Iron and Steel Inst 
J Jap Ceram Assoc 
J Landie 

J Manne Biol Assoc 
J Med Res 
J Min Agnc 
J Min Agnc A Ireland 
J Etio England Water 
Works Assoc 
J AttintiiTn 
J OS Col Chem Assoc 
J Opt See Amer 
J Org Chem 
J Path Bael 
J Pharm Chtm 
J Pham Erp Ther 
J Pharm Soc Japan 
J Phys Chtm Russ 

J Phys Radium 
J Physical Chem , 

J Physid . , 


Jonmal of Chetmcal Education 
Jonmal of Chenucal Engineering. China 
Journal of Chemical Indostry, USSR 

Journal of the Chemical Metallurgical, and Mining Society of South 
Afnca 

Journal of Chcimcal Physics 

Journal of the Chemical Society of Japan (Nippon Kwagaku 
Kwaiabt ) 

Journal de Chimie physique 

Journal of the Chinese Chemical Society 

Journal of the College of Agnculture, Hokkaido Imperial University, 
Japan 

Journal of the College of Agnculture, Imperial University of Tokyo, 
Japan 

Journal of the College of Engmeermg, Imperial University of 
Tokyo 

Journal of the Council of Scientific and Industrial Research of 
Austraha 
Jonmal of Dairy Research 
Journal of Dairy Science 

Journal of the Department of Agriculture of the Irish Free State 
Journal of the Department of Agriculture, Kyushu Impenal 
Umversity 

Jonmal of the Department of Agricnltnre, South Austraha 

Journal of the Department of Agriculture, Victoria 

Journal of the Department of Agnculture, Western Austraha 

Journal of Economio Entomology 

Jonmal of the Egyptian Medical Association 

Jonmal of the Electrodepositors Technical Society 

Journal of Experimental Biology 

Journal of Ezpenmental Medicine 

Journal of the Faculty of Science, Impenal University of Tokyo 
Journal of the Franklm Institute 
Journal of the Fuel Society of Japan 

Journal of General Chemiatiy, U S S R (formerly part of J Buss 
Phys Chem Soc ) 

Journal of General Physiology 
Journal of Geology 

Jonmal of the Geological Society of Tokyo 
Journal of Hygiene 

Journal of Industrial Hygiene and Toxicology 

Journal of the Indian Chemical Society 

Journal of the Indian Institute of Science 

Journal of the Institute of Brewing 

Journal of the Institute ol Fuel 

Touraal of the Institute of Metals 

Journal of the Institution of Petroleum Technologists 

Journal of the Institute of Sewage Purification 

Journal of the Iron and Steel Institnte 

Journal of the Japanese Ceramio Association 

Journal fur Landwirtscbaft 

Journal of the Manne Biological Association of the Umted Kingdom 

Journal of Medical Research 

Journal of the Ministry of Agriculture 

Journal of the Ministry of Agncultnre of Northern Ireland 

Journal of the "New England Water Works Association 
Jonmal of Nntntion 

Journal of the Oil and Colour Chemists' Association 
Journal of the Optical Society of Amenca 
Journal of Orgsme Chemistry 
Journal of Pathology and Bactenology 
Journal de Pbarmacie et de Chinue 
Journal of Pharmacology and Experimental Therapeutics 
Journal of the Pbannaceuticsl Society of Japan (Yakugaknzassbi ) 
Zhumal Fincheskoi Khimu (fomerltj part of the Journal of the 
Russian Physical Chemistry Society) 

Journal de Physique et Le Radium 
Journal of Phyu^ (^emutry 
Jonmal of Physiology 



ABBSEYIATTO^hS of tftf 


OF JOuBXALS. 


xm 


•J. P?~:3zcl. Pcth. pin. 
J. Pchdojy . . . 

J. r~. Cr.sr-.. . ' . . 


- t JoTirral de PFT^aIc^^ e: ce Pa^FoIogfe gfcerale. 
. I Jcrrz^sl cf Pcriolccj' are Eortf<rftersl Sciszce. 

. Joerral fcr rrakriscae Ccerde. 


Frrc. Arieffr See. Ber.jd Jemal ard'proceediaes of tfc 


J. Prcc. Pcj. S eo. Year >Sc -io 1 
"efi? ..... 

J. Bai. Ba-. Szzr.z. 

J. Ecv. Ac~ic. Fro, . 

J. Bey. Bc^. Fro. . 

J. Bey. ATt’rrr-jroe. Fro. , 

J. Bey. Fro. IF. Azitrz'.iz 
J. Bey. Tech. CcB. . 

J. B'zcier Bee, ... 

JSc^Ti 

J. F. Afrizer. Chez-.. Irji. 

J. Szz. Eizcihi-zz Ur.:c. 

J. SB. Iizrir. .... 

J. SB. ± ich. IrBlz . 

J. Sect. 2Iet. See. 

J.Scc.Aztt .... 

■J. See. C'erz. IzB. Jczzc-z 

A. See. JJyerz czrB CeZ. . 

J. See. Ctzec Tec?.. . 

<7. See. Tj’jBr.er TreSe 

C~rxr~. 

J. SzrBr.-Ec.ii. AyBz. CcC. 

J. SiBi 2IeS. ... 

J. Text. Iiz. 1 t. ... 

J. ^n:r. Bz-rhery 
J. EB’za Gcz 
J. Wc.P.irB.zr. Acez. SB. 

J. West S^xCeza Irzcz Steel 

IzB. .... 

Jaizz. yecZ. Borla^jcrifJ. 

JaLB. TTfr. BeB.-Bc. 


isiatre Sacietj of BeagaL 
Jcaraal aad Prcceedergs of the AcatraEaii CLerecsJ Sistii 


Jerzz. BcciccBiz. . 
J z?.rz. iBia. Bet. 

mm- 

J eyerr.. J. ATec. F B. 
Jcyc^.. J. PhyBes . 
Jcc'cr, hBehel Beer. . 



ZcTJzic. Jd?.rb. ... 
LcizS’c. Fcrraara-Fiaf. . 
Lc’zzc'z ShelZz.z Bee. Bcr. 

Tec?.. Pccer ... 
ITBcy-AzBc-J. . . 

JAces. AeBe. ±.zry. Sic. E'zli 
JLctezit “pZeet. ... 
JLecS. E. Veiezzeazyechz-z. 
TcceL-IrB. ... 
Acozz. L’czcez. . 


JAezz. Aesoc. SB. TcBr.e 
JAezr.. CBI. AcBc. Eyefo 

JAerz. CcB. SB. Kyetc . 
JAeizz. Beet. AeBe. InezZc 



al aad Prcoeedl-gs of Ecjal ScBeey cf A e~ Foeth VZsles. 
al or Research of the Ajatforial Bersae of Standards. 


cf the Eojal Agrrceittral Sects _ 

:al cf the Eojal Hortictrircral Sccietj. 
al cf the RoTal iliercscoptcal Soctetj. 
ai cf the Rojal Scefetv cf Western Atstraha. 
al cf the R.rjal Technical CoPege (Glasso— ). 
al cf Ritbher Eesearch. 

al cf the Ecocer Eesearch Thstftete of ATalaja. 

Jcnrral cf the Sottth Afdcan Chemical Irstitirte. 

Jcmmal cf Science of the Hirashhna Uriversfty. 

^ Jcnmal cf Snence and Techno lorrv, India, 
j Jcnmal cf the Scottish ITeteoroIcgical Society. 

J ctrm.al cf the Royal Society of Arts. 

j Jot rr^I cf the &<nety cf Chemical Ihdnstry, Japan. (Eos 
latragasn ZasshL) 

J cnmal cf the Society cf Dyers and Cclomdsts. 

Jcnmal cf the Stcierr cf Glass Technclont". 


• V L - 

1 Jot 


nl of the Intematronal Scciety of Leather Trader’ Chemists, 
al of the Sonth-Eastem Agnmltnral CoPege. Wye, Kent, 
al of State iledichie. 


I « 1 - 

i Jc 


cal of the Textile Lcsntnte. 
nalofthe Lnfrcrsrty of B-tmhay. 
cal des Usinss a Gar. 


Jc 


tal of the Washington Academy of Sciences. 


Jcnmal cf the West of Scotland Iron and Steel Instfttrte. 
jahrimeh der geolcnischen Eeichsanstalt. 

Kenss Jahrhnth ^r lOneralogie. Geologie end Palaeontologie, 
BeilageBand. ^ ^ 

Jahrescenmte 6her die Fortschritte der Chemie tmd verrandter 
TheCe anderer Wissenscharten. 

Jananese Jcmmal of Uedical Snences. 

Japanese Jcnmal cf Physics. 

Janan Kickel Eetie— . 

K?J-- verva ndte Sake trad ErdceL 

UnTTcTsttv of Kentnciy Agncnltnral Experiment Station. Lexmn- 


KoPcid-Bemerte. 

KoPcienTi Tt-TT-raT (CoPcid jonxnal. UJSKJi.). 

Ee Lain. 

±ne Lancet. 

r? ■ - - f -rs r-t-.-C rF ft-g .Jahrchcher. 

Die land-rfrtschaftPchen Tersnchs-Ftationen. 

Lcndrm Shellac Eesearch Bntean. Technical Paper. 
llalaTan Aanicnitnral JemmaL 

Uassachnseits Anricnircral Experiment Station, BnPeti 


. Kimsi-Tetershaps 


llatene Piastiche. 

_ _ 

llemcrie c= 7 T.a Beale Accademia Kamonale dei iiirrceL 
ITemorie della Eeale Accademia dePe Scie -r e di Torino, 
irsnoirs cf the CoEege of Agricnitnre, Kyoto 

ITemohs of the Colkre of Science. Kyoto Imperial Knrrersity. 
ITemoimoftheDerartmentof Agricnitnre in India {chcc-Mruii 1530). 


r htohel Ihstit 


Kvoto Imnerial 
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ABBREVIATIONS OF THE TITLES OF JOURNALS. 


Off. DigtsX 

Ohio Agric. Exp. Sta. Bull. 

'OH and Gas J 

OHahoma Agric. Exp. Sfa. 

Bun 

Olc, Fette, TTdcSje . 

Osiar. Chcm.-Zlg. . . . 

Orasigi Danshc Fid. Selsb. 


Ber. 


Pacific Pulp arA Paper IrA. 
Paint avA Far. Prod. JLfen. 
Paint Alanuf. 

Paint, Oil, arA Cherr, 

Pair4 Tail. . . 

Paper Ind. . 

Paper-Jtlaicr 
Paper Trade J. 

Papier-Fabr. . 

Pcint., Pig., Ter. 

Perf. & Essen!. Oil Bee. 
Petroleum 
Pfiugers Archie . 

Pharm. J. . 


Pharm. WeeHtlad 
Pharm. Zentralh. 


Pharm. Zig. . 
Philippine Agric. 
Philippine J, Sci. 
Phil. hag. 

Phil. Trar^. . 
Phot. Ind. 

Phot. J. . . . 

Phot. Korr. . 


Phgsica . . . 

Physical Bev. 

Physics . . . 

Physiial. Z. . . 

Physahil. Z. Sovieiunion 
Plard Physiol. 

Planta (Z. iciss. Bid. 
Blast. Massi . 


Poultry Sci 

Proc. Acad. Sci. Agra and 
Oudh 

Proc. Amer. Acad. Arts Sci. 
Proc. Amer. Gas Assoc. . . 

Proc. Amer. Phil. Soc. . . 

Proc. Amer. Physid. Soc. . 
Proc. Amer. Soc. Bid. Chtem. 
Proc. Amer. Soc. Test. 2Iat. 
Proc. Austral. Inst. Min. 

Met 

Proc. Camb. Phil. Soc. . 
Proc. Chem. Eng. Group 

Proc. Durham Phil. Soc. 
Proc. Er^. Soc. IT. Pa. . . 

Proc. Imp. Acad. ToJ:yo 
Proc. Indian Acad. Sci. 
Proc. Inst. Mech. Eng. . 
Proc. Intemat. Cona. Soil 
sd. 

Proc. Intemat. Soc. Soil 
Pci. 

Proc. K. Al-ad. Weiensch. 
Amsterdam 

Proc. Leningrad Dept. Inst. 
Pert. ...... 


OScial Digest of the Federation of Paint and Vamish Prodnotion 
Clnbs. 

OHo Agricnltaral Experiment Station Bulletin. 

Oil and Gas Journal. 

Oklahoma Agricultural Experiment Station Bulletin. 

Ole, Fette, TVachse, Seife, Kosmetik. 

Osterreichische Chemiker-Zeitung. 

Oversigt over det Kongelige Danske Videnskabemes Selskabs 
Virksomhed. 

Pacific Pulp and Paper Industry. 

Paint and Vamish Production Manager. 

Paint Manufacture. 

Paint, OH, and Chemical Review. 

Paint Technology. 

Paper Industry. 

Paper-Maker and British Paper Trade Journal. 

Paper Trade Journal. 

Papier-Fabrikant. 

Peintures, Pigments, Vemis. 

Perfumery and Essential Oil Record. 

Petroleum (Vienna). 

Archiv fur die gesamte Physiologie des Menschen und der Tiere. 
Pharmaceutical Journal. 

Pharmaceutisch TVeekblad. 

Pharmazeutische Zentralhalle. 

Pharmazeutische Zeitung. 

Philippine Agriculturist. 

Philippine Journal of Science. 

Philosophical Magazine (The London, Edinburgh, and Dublin). 
Philosophical Transactions of the Royal Society of London. 
PhotograpHsche Industrie. 

Photographic JoumaL 
Photographische Korrespondenz. 

Physics. 

Physical Review. 

Physics (now Journal of Applied Physics). 

Physikalische Zeitschrift. 

Physikalische Zeitschrift der Sovietunion. 

Plant Physiology. 

Planta (^itschrift fur wissenschaflliche Biologic). 

Plastitschekie Massi (in 1935 merged in Organic Chemical Ihdnstry, 
U.S.SJt.). 

Poultry Science Association, U.SA^ 

Proceedings of the Academy of Sciences of the United Provinces of 
Agra and Oudh, India. 

Proceedings of the American Academy of Arts and Sciences. 
Proceedings of the American Gas Association. 

Proceedings of the American Philosophical Society. 

Proceedings of the American Physiological Society. 

Proceedings of the American Society of BioIogicM Chemists. 
Proceedings of the Am erican Society for Testing Materials. 

Proceedings of the Australasian Institute of Mining and Metallurgy. 
Proceediuss of the Cambridge Philosophical Society. 

Proceeding of the Chemical Engineering Group of the Society of 
Chemical Industry. 

ProceedinES of the University of Durham Philosophical Society. 
Proceedings of the Engineers’ Society of TVestem Pennsylvania. 
Proceedings of the Imperial Academy, Tokyo. 

Proceeding of the Indian Academy of Sciences. 

Proceeding of the Institution of Mechanical Engineers. 

Proceedings of the International Congress of Soil Science. 

ProceedinES of the International Society of Soil Science. 

Konmkhjke Akademie van Wetenschappen te Amsterdam. Pro- 
ceedings (English version). 

Proceedings of the Leningrad Departmental Institute of Fertilisers. 



ABBREVIATIONS OF THE TITIES OF JOURNALS. 


Proe. MtuUm Assoc. . 

Proc. Nal, Acad Set. . . 

Proe, Nova Scoltan Inst. Set. 
Proe Phtl. Soe. Olasgow 
Proc. Physical Soe. . 

Proe. Physiol. Soe. 

Proe. Roy. Inst. . . . 

Proc. Roy. Irtsh Acad. . . 

Proe. Roy. Soe . . . 

Proe Roy. Soe. Edin 
Proe. Roy. Soe. Med 
Proe Roy. Soe. Queeiwland 
Proc. Roy. Soe. Tasmania . 
Proe. S Wales Inst. Eng 
Proc Set. Assoe., V\siana~ 
gram 

Proe, Soe. Biol Chem India 
Proe. Tech. Sect. Paper 
Mahers' Assoc. 

Proe. XJB. Nat. Mus 
Prcemysl Chem. . 

Publ. Fae Set Unxv. 
Masaryk 

Pulp and Paper Mag 
Canada 

Quart. J. Exp. Physiol 
Quart. J. Qeol Soe 
Quart. J. Med . . . 

Quart. J Pharm. 

Queensland J. Agrte. 

Rayon Text Month 
Rte. Australian Mus. 

Ree. trav. bot. Nierland. 

Ree trav ehtm . 

Rejiner ... 

Rend. Aeead. Set Fis Mai 
NapoU 

Rend. 1st. Levib. Bet. Lett . 
Rensselaer Polyt. Inst Bull. 
Rep. Ausl. Assoe Set . . 

Rep. Bril Assoc 


Proceedings of the Slosbm Association for the Advanceinent of 
Science. 

Proceedings of the National Academy of Sciences. 

Proceedmgs of the Nova Scotian Institute of Science. 

Proceedings of the Glasgow Philosophical Society. 

Proceedings of the Physical Society of London. 

Proceedmgs of the Phyaioli^ical Society. 

Proceedmgs of the Royal Institution of Great Britain. 

Proceedmgs of the Royal Irish Academy. 

Proceedmgs of the Royal Society 
I Proceedmgs of the Royal Society of Edmburgh. 

Proceedmgs of the Royal &ciety of Mediome. 

Proceedings of the Royal Society of Queensland. 

Proceedmgs of the Royal Society of Tasmania. 

Proceedmgs of the South Wales Institute of Engmeers 
Proceedings of the Science Association, Maharajah's College, 
Vizianagram 

Proceedmgs of the Society of Biological Chemists, India. 
Proceedmgs of the Technical Section of the Paper Makers’ Associa 
tion of Great Bntam and Ireland. 

Proceedmgs of the United States National Museum. 

Prtemysl Chemicxny. 

Publications da la FacuU4 dea Sciences de I'UniTersit^ Masaryk 
(Spisy TydaTan4 PrirodovSdeckou Fakultou MasarykoTy 
UniTcrsity). 

Pulp and Paper Magazma of Canada 
Quarterly Journal of Expenmental Physiology. 

Quarterly Journal of the Geological Society. 

Quarterly Journal of Medicine 

Quarterly Journal of Pharmacy and Pharmacology. 

Queensland Agncoltural Journal 
Rayon Textile Monthly. 

Records of the Aostraban Museum. 

Recueil des iravaux botaniques Nierlandaises 
Recueil des traraux cblmiques des Pays^Bas 
ReEner and Natural Gasolme Iilanafaotnrer 
Rendiconto dell’ Accademia delJe Scienze Fisiohe e Matematiohe, 
Napoh. 

Rendiconti della Reala Istituto Lombardo di Scienze e Lettare. 
Rensselaer Polytechnic Institute BuUetm 

Reports of the Australasian Association for the Adrancement of 
Science 

Reports of the British Association for the Adrancement of 
Science. 


Rte. Stud. Stott Cell. Wash- 
iti^on . 

Bev. Aluminium 
Rev. Chtm. Ind. 

Rev. Chtm. pura appi 

Rev. Comb liq . . 

Rev. Fae. Quim Ind Agrie 
Rev Gin Mat Col. . . . 

Rev. Mit . . 

Rev. Mod. Physics . 

Ret Quim Farm 
Rev Set. Instr. , 

Roes. Chem. 

Rubber Chem A Tech . 
Sbem. Trud. Ukrain Chtm 
Inst Odusa 

Set. Agne 

Sei. and Cult. . . . *. 

Set. Ind Rep. Route 
Bertrand Fils , 

Set. Mem. Pair. Saratov . 
Set. Papers Inst. Phys Chem. 
Res. Tolyo 

Set. Proe. Roy Dublin Soe 


Research Studies of the State College of Washington. 

Beme do rAIumuuiim 
Renata de Cbimica Industrial 

Rensta de Cbimica para e spplicada, OrgSo de Sociedade Portu- 
gudsa de Qnlmica e Fisica 
Berue des Combustibles hquides 

Rensta do la Facultad de Qolnuca Industrial y Agrlcola. 

Reme G4n6rale des Matjirea Colorantes 
Rerue do lilitallargie 
Renew of tiodem Physics 
Rensta de Quimica e Fannacia 
Renew of S^ntiGc Instruments. 

Boczniki CheiDji organ Polskiego Towarzystwa Chemicznego 
Rubber Chemistry and Technology. 

Sbomik TrudoT Ukramskogo Nautschno-Issledova-Telskogo 
Chimitschcskogo Institnta Odessa. 

Scientific Agriculture 
Science and Culture. 

Scientific and Industrial Reports of Roure Bertrand Fils. 

Scientific Memoirs of tho University of Saratov. 

Scientific Papers of the Institute of Physical and Chemical Research 
Tokyo. 

Scientific Proocedings of tho Roj al Dublin Society. 
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Set. Quart. Nat. Unit'. Pehing 
Sci. Pep. Hiroshima Tech. 

Sch 

Sci. Pep. T6hohu 
Sci. Pep. Tsing Eua Univ. 
Sci. Sect. Nat. Faint, Var. 
Assoc. Circ. 

Sci. Trans. Pop. Duhl. 

Soe 

Scot. J. Agric 

Seifens.-Ztg 

Seicage WorJiS J. ... 
Silzungsber. Afxid. Wiss. 

ITien 

Sitzungsber. Heiddberger 

ALnd. Wiss 

Sitzungsber. Preuss. Al:ad. 

ITj^s. Berlin 
Smithsonian 2Iisc. Coll. 

Soap 

Soap Trade Pev. 

Soil Pes 

Soil Sci 

Sprechsaal 

Stahl u. Eisen .... 

Stain Tech 

Staz. spier, agr. ilal. . 

Steam Eng 

Sugar Bull 

Suomen Kem 

Svensk Kem. Tidslsr. 
Tasmanian Agric. J. . . 

Tech. Mitt. Erupp . 

Tech. Publ. Tin Pes. Counc. 

Tech. Pep. TShoJM . . . 

Teer u. Bitumen .... 

TeTzn. Tidsh 

Textilber. 

Tids. Kjemi 

Tonind.-Ztg 

Trans. Amer. Inst. Chem. 

Eng 

Trans. Amer. Inst. Metals . 
Trans. Amer. Inst. Min. 
Met. Eng. 

Trans. Amer. Soc. Mech. 

Eng 

Trans. Amer. Soc. Met. 
Trans. Ganad. Inst. Mining 
Met. 

Trans. Ceram. Soc. . 

Trans. Electrochem. Soc. 
Trans. Faraday Soc. 

Trans. Inst. Min. Eng. . 
Trans. Inst. Min. Met. . 
Trans. Inst. Blast. Ind. . 
Trans. Inst. Pubber Ind. 
Trans. N. Eng. Inst. Min. 
Mech. Eng. 

Trans. New Zealand Inst. . 

Trans. Nova Scotian Inst. 

Sci 

Trans. Pop. Irish Acad. 
Trans. Pop. Soc. Canada 
Trans. Pop. Soc. Edin. . 
Trans. Pop. Soc. S. Africa . 


Science Quarterly of the National Unirersity of Peking. 

Scientific Reports of the Hiroshima Higher Technical School. 
Science Reports, Tohoku Imperial University. 

Science Reports of the Na tional Tsing Hua University. 

Scientific Section, National Paint; Yamish, and Lacquer Association, 
Inc., Circulars. 

Scientific Transactions of the Royal Dublin Society. 

Scottish Journal of Agriculture. 

Seifensieder-Zeitung. 

Se'svage Works Journal. 

Sitzungsherichte der Akademie der Wissensohaflen in Wien. 

Sitzungsbeiichte der Heidelberger Akademie der Wissenschaften. 
Sitzrmgsberichte der Preussischen Akademie der Wissenschaften zu 
Berlin. 

Smithsonian Miscellaneous Collections. 

Soap. 

Soap, Perfumery and Cosmetics. 

Soil Research. 

Soil Science. 

Sprechsaal fnrKeramik-Glas-Email. Fach- und Wirtschaftsblatt fiir 
die Silikat-Indnstrien. 

Stahl und Eisen. 

Stain Technology. 

Stazioni sperimentali agrarie italiane (discontinued 1926). 

Steam Engineer. 

Sugar Bulletin. 

Suomen Kemistilehti (formerly until 1935 Acta Chemica Fennica). 
Svensk Kemisk Tidskrift. 

Tasmanian Journal of Agriculture. 

Technische MitteHungen Eirupp. 

Technical Publications of the International Tin Research and 
Development Coxmcil. 

Technology Reports of the Tohoku Imperial University, Sendai, 
Japan. 

Teer und Bitumen. 

Teknisk Tidskrift. 

Melliand’s Textilberichte. 

Tidsskrift for Kjemi og Bergvesen, Oslo. 

Tonindustrie-Zeitung. 

Transactions of the American Institute of Chemical Engineers. 
Transactions of the American Institution of Metals. 

Transactions of the American Institute of Mining and Metallurgical 
Engineers. 

Transactions of the American Society of Mechanical Engineers. 
Transactions of the American Society of Metals. 

Transactions of the Canadian Institute of M ining and Metal- 
lurgy. 

Transactions of the Ceramic Society. 

Transactions of the Electrochemical Society. 

Transactions of the Faraday Society. 

Transactions of.the Ins titution of Mining Engineers. 

Transactions of the Ins titution of Minin g and Metallurgy. 
Transactions of the Institute of the Plastics Industry. 

Transactions of the Ins titution of the Rubber Industry . 
Transactions of the North of England Institute of Mining and 
Mechanical Engineers. 

Transactions of the Nev Zealand Institute (since Royal Society 
of Nev Zealand). 

Transactions of the Nova Scotia Institute of Science. 

Transactions of the Royal Irish Academy . 

Transactions of the Royal Society of Canada. 

Transactions of the Royal Society of Edinburgh. 

Transactions of the Royal Society of South Afiica. 
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Trails Saratov Univ 

Trap Agne 

Trop Agnc (Trinidad) 

Tsch Mm 3Itil 

V S Bur Mines, Bidl 
Tech Papers, and Rept 
Iniest 

V S Bur Plant Jnd 

V 3 Dept Agne Bull (or 
Ctrc ) 

U S Hyg Labor Bull 
USP 

Publ Health Rep 
Vlcrain Biochem J 
Ukrain Chem J 
Union S Africa Lept Agne 
Bull 

Univ Illinois Bull 

Utah Agne Coll Exp Stat 
Bull 

Verh Oeol ReicKsanst Wien 
Verh Oes deut Baturjorsch 
Aerrle 

Vermont Agne Exp Sta 
Bull 

Verre et Silicates Ind 
Vet J 
Vet Bee 

Virginia t^laeksburij) Exp 
Agne 

iri« Siemens 

WerXen 
TToeA Brau 
H orUTs Paper Tr Ret 
Z angew Chem 

Z anal Chem 
Z anorg Chem 
Z Bui 

Z deut Oed Oes 
Z EUktroehem 
Z Fkueh Milch Hyg 
Z ges Brauie 
Z ges exp Med 
Z ges Ealuneiss 
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Z VnUrs Lebensm 
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Transactions of the Saratov University (Gelehrto Notizen der 
Saratover Staata Umversitat) 

Tropical Agncnltmiat Ceylon 
Tropical Agncnlture (Trinidad) 

Mmeralogisehe nnd Petrographisclie Mitteilungen (Zeitschrift fur 
Ki^tanographie Mmeralogie, nnd Petrograpbie, Abteilnng B) 
United States Bniean of Mmea, Bnlletms, Technical Papers, and 
Reports of Investigations 

United States Bureau of Plant Industry, Department of Agriculture 

Umted States Department of Agriculture, Bulletins (or Circnlars) 

United States Public Health Service Hygienic Laboratory Bulletins 

United States Patent 

Umted States Public Health Reports 

Ukrainian Biochemical Journal 

Ukrainian Chemical Journal 

Union of Sonth Alhca Department of Agriculture, BuUetms 
Umversity of Illinois Agncultural Experimental Station, Bui 
letiQ 

Utah State Agncul oral College Expenment Station, Bulletin 
Verbandhingen dei Geologisoh^en Bundesanstalt m Wien 
Verhaudlongen der Gesellachaft deutacher Naturforscher und 
Aerate 

Unirersity and Slate of Vermont Agncultural Experiment Station, 
BaUetin 

Verrea et Siheates Industnels 
Vetennary Journal 
Veterinary Record 

Virginia Polytechmo Institute, Blacksburg Expenment Station, 
BoUetin 

Welsh Jemma) of Agncnlture 

Wissenschafthche Veroffenthchnngen aus den Siemens Werken 
Wochenschnft fur Brauerei 
World 8 Paper Trade Review 

Zeitechnft fur angewandte Cbemie (in 1932 changed to Angewandte 
Chenue) 

Zeitschnft fur analytische Chenue 

Zeitschnft fur anorganisebe nnd allgemeine Chenue 

Zeitschnft fur Biologie 

Zeitschnft der deutschen Geologischen Geaellschaft 
Zeitechnlt fur Elektrochenue 
Zeitschnft fur Fleiscb and Milch Hygiene 
Zeitschnft fur das gesamte Branwesen 
Zeitschnft fur die gesamte expenmentelle Medizm 
Zeitschnft for die gesamte Natarwissenachaft 


Zeitschnft fur das gesamte Schieas und SprengstoSwesen 
Zeitschnft fur Hygiene and Infektionskrankheiten 
Zeitschnft fur Knatallographie 
Zeitschnft fur Metallknnde 
Zeitschnft fur Parasitenkunde 

Zeitschnft fur Pflanieoemahnmg Dunguug, und Bodenkunde 
(title 1936 changed to Bodenkunde and Fdanzenemahnmg) 
Zeitschnft fur Pflanzenkrankheiten (Pflanzenpathologie) nnd 
PSanzensebutz 
Zeitschnft fur Pbjsik 
Zeitschnft fur pbysikahsche Chemie 

Zeitschnft fur den physikaliachen nnd chemischen Untemcht 

Hoppe Sejler a Zeitachnft fur physiologische C^emie 

Zeitschnft fur praktiscfae Geologie 

Zeitschnft fur Spintoaindustne 

Zeitachnft fur Untersuefaung der Lebensmittel 

Zeitschnft des \ ereins deutscher Ingenienre 

Zeitschnft dee \ ereins der deatseben Zucker Indnatne (in 1935 
changed to Zeitachnft der Wirtschaftsgruppe Zockenudostne) 
Zeitschnft f&r \ itanunforscbung 
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Z. TTj’rfs. Zucierind. . [ Zeitschrift der Wirtschaftsgrnppe Zackerindostrie (Verein der 


dentscken Zncker-Indastrie). 

Z. ^^iss. Bid Zeitsckrift fur Trissenscliaftliclie Biologie. 

Z. iciss. Mibrasi. . . . Zeitschrift ffir -rcissenscliaftliche Mlkroskopie tmd mikroskopisclie 

Tedmik. 

Z. tris-t. Phoi Zeitsduifb fur -srissenschaftliche Pkotograpkie, Photophysik und 

Pkotockeinie. 

Z. ZUchtung Zeitschrift fur Zuchtung, Beihe A Pflanzen-, Reihe B Thier-. 

Z. Zuckaind. Czadiod.ov. . Zeitschrift fur die Zuckerindustrie der CechosloTakischen Republik. 
Z-dl-siqff V. Papier . . . ZellstofE und Papier. 

Zerr.ent Zement. 

Zenir. Bakl Zentralblatt fur Bakteriologie, Parasitenfcunde und Infefctionsfcrank- 

heiten. Abt. I and n. 

Zenir. JLfin : Zentralblatt fur Mineralogie, Geologie und Palaontologie. 
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FEHLING’S SOLUTION r. Babees\7ii.’s 
SoLTJnox (Yol. I, 64Srf). 

FEIGL’S TEST r. AB-SEyic (Vol. I, 471c). 

FELDMANN STILL r, AArvr nvrA (Vol. I, 
3456). 

FELITE 1 -. BuiLDrsG iliTEEiixs (Vol. H, 
1416). 

FELLIC ACID r. Bili: (Vol.- 1, 690a). 

FELSITE c. CHCTA-STOii: (Vol. Ill, 32d). 

FELSPAR or FELDSPAR. (Fr. 
Fdds^th; Ger. Feldspalh, Feldspat ; from the 
Swedish Fdlspal or Fallspaf, meaning “ field- 
spar.”) The original form of the name, as 
given bj* D. Tilas in 1740, is fddtspat (X. 
Zenzen, Geol. For. Forh. Stockholm, 1925, 47, 
390). A large isomorphons group of important 
rock-forming minerals conrtsting of alumino- 
silicates of ^alis (potassium and sodium, rarely 
rubidium, csesium and lithium) and alkaline 
earths (calcium, and less often barium). They 
include polysilicates or trisilicates of the type 
R'AISi 30 g, and orthosilicates of the type 
R"Alo(Si 04 ) 3 . The principal molecules repre- 
sentingtheend-membersofthsisomorphous series 
are KAlSigOg (Or=orthoclase), NaAlSigOg 
(Ab=albite), and CaAUSioOg (^=anorthite). 
Others of less importance, or whose existence 
is only assumed on theoretical grounds, are 
BaALSLOg (Ce=celsian), Na2Al2Si208 (Cg 
=camegieite), and RbAISijOg (rubidiom- 
microdine). 

The felspars are divided crystallographically 
into two series, the monodinic (or oblique) 
felspars and the tridinic (or anorthic) felspars. 
But, although these belong to different systems 
of crystallisation, they resemble one another 
dosely in habit, deavage, and general crystallo- 
graphic characters. An important feature of 
all felspars is the existence of good deavages 
in two directions ; the more perfect one being 
paraUd to the basal pinakoid c(OOl), whilst the 
second is paralld to the dinopinakoid or plane 
of S 3 Tnmetry 6(010) in the monodinic fel^ars, 
and parallel to the corresponding brachypinakoid 
6(010) in the tridinic felspars. In the mono- 
clinic system these two cleavages are necessarily 
at right angles (90"), and the felspars belonging 
to this system are consequently described as 
orthodastic felspars; whilst in the tridinic 
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system the deavage angle 6c varies slightly from 
a right angle (in anorthite 6c=85° 50', and in 
albite 6c=S6° 24'), and for this reason these 
felspars are call^ plagiodastic felspars, or 
simply plagiodase. To these two series may 
be added a third — pseudo-monodinic series — 
the members of which are shown by their optical 
characters to be tridinic, but in the external 
form of their crystals they do not differ from 
those of the mono dini c series and the cleavage 
angle 6c does not differ appreciably fium 90°. 
The several members of these three series of 
felspars are set out in the following table : — 



Monodinic 

series. 

Bseudo- 

monocUnlc 

series. 

TticUnlo 

series. 

KAlSijOg 

Orthodase 

JHcrocUne 

— 

jTiKAlSijOs ■» 
fjNaAISijOg / 

Soda- 

orthoclase 

Anortho- 

dase 

— 

NaAlSijOg 

Barbierite 

Cryptodase 

Albite 

mNiAISUOs 1 
nCaAI,Si,0« / 

— 

— 

f Oligodase, La- 
\ bradoiite.etc. 

CaAI.,Si,Os 

— 

— 

Anorthite 


— 

— 

Camegieite 


Celsian 

■ 

— 

jnBaAUSi-O, \ 
nKAISijOj / 

Hj-alo- 

phaue 

— 

— 


The only members of practical importance- 
are the potash-felspars, orthodase and micro- 
dine (which, as noted below, are perhaps really 
identical) ; the soda-fekpar, albite ; the lime- 
felspar, anorthite; and the soda-lime-felspars, 
oligodase, andesine, labradorite and bytownite. 
All of these, with the exception of potash- 
felspar, belong to the isomorphons group of 
plagioclase-felspars of which albite and anor- 
thite are the end-members. The limits of 
composition usually assigned to these are : 

SIO. AI.Oj NajO CaO 


Ab.An- GST 19-5 11-S 
^AbgAm 64-9 22-1 10-0 
Ohgoc^se 62-0 24-0 

-t 5^h!Ani 55-6 28-3 
^radonte^^i^ 49-3 32-6 
Byt^te 46.6 34.4 

^orthite C^bjAn' 43-2 36-7 


8- 

5-7 

2-8 

1-6 


3-0 

5-3 

10-4 

15-3 

17-4 

20-1 
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A character rvhich always enables the plagio 
clase felspars to he readily recognised is the 
invariable presence of lamellar twinning ac 
cording to the albite law This is ahown m 
thm sections of rocks when exammed m polarised 
light by the banding due to the different direc 
tions of extinction in alternate lamellae In a 
Land specimen it is shown on the basal plane 
c(OOl), and on the perfect cleavage parallel to 
this face, by a system of fine strise parallel to 
the edge of mtersection of the two cleavages 
These stn» can usually he detected with the 
aid of a pocket lens when the cleavage surface 
IS held at a suitable inclmation to the light, 
and two sets of reflections can be obtain^ in 
albite mchned at 7® 12', and m anorthite at 
8® 20 Albite twinning is not present in ortho 
clase, but is present in microcbne, though jn this 
case the stiiai are not evident on the cleavage 
surface This difference often affords a ready 
means oi diatingms’nmg at. sigtA a potaa'n iSspa 
from a soda hme felspar In microcbne there i 
also a second lamellar twinning according t 
the penchne law, which, in conjunction wit 
the lamellar albite twinnmg, produces a very 
characteristic cross hatched structure, some 
times to be seen on the basal plane of crystab, 
but >ery evident when than sections are 
examined in polansed light , this being, mdeed, 
often the only means of distinguishing micro 
cline Several other twin laws have b^n 
described for the febpars the important ones 
being the CacUbad, Baveno and hlanebach 
types The very common occurrence of re 
peated twinning in this group of mmerab gives 
rise to the suggestion that the higher degree 
of symmetry in the monoclmic senes is merely 
the result of twinning, and that all febpars are 
really tnelinic This is obviously the esse jn 
the pseudo monocluuo senes, in which, on optical 
exammation, the twinmng is seen to be repeated 
on a very min ute scale If this became ultra 
microscopic, then the crystal could not b^ 
distinguished from a true monoclmic crystal 
The crystallographic grouping shown m th« 
above table nould then break down, while th»» 
chemical grouping would stand Alicroclm^ 
would then be identical with orthoclase, which* 
indeed, it is m density, refractive indices, mode 
of occurrence and its practical applications 
Some of the constants of the three mosi' 
important species of felspar are givenm the tabl9 
at the top of the next column 
The recogmtion of a mineral as febpar is 
usually evident by the cleavages, dullness of 
colour and lustre, nardness, resistance to acids, 
etc , but the discrimination of the several 
species IS not always so easy The optical 
characters of cleavage flakes afford a useful 
cuide, and the specific gravity of fragments caP 
be readily determined m a heavy hquid wi^ 
the aid of mdieators Optical methods, with 
the aid of the umvcrsal microscope stage, hav^ 
been much developed {M Reinhard, “ Umvera^ 
Drehtuchmethoden riagioklasb^ini 

mnng," Basel, 1031, W Nikitm," DieFedoroW 
Melhode,” Berlin, 1930) J Szabo ( ' Uebereuje 
neue Slethode die Feldspathe auch in GestemeQ 
tn bestimmen,” Budapest, 1870, t G A J 
Cole, “ Aids to Practical Geology,” Bth ed 
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SO 

M 

13 

SiO*% 

64 7 

68 7 

43 2 

AUOj% 

18 4 

19 5 

36 7 

CaO% 

— 

— 

20 1 

KiO«/o 

16 9 

— 

— 

Na,0% 

— 

11 8 
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2 56 

2 62 

2 76 

Hardness 

6-6i 

6-6i- 

6-6J 

Melting point °C 

e 1150 

c 1100 

1650 

Specific heat 

0 187 

4) 197 

0197 

Cleavage angle (be) 

90° 

86° 24' 

85° 60' 

Optical extinction on c 

0° 

+4° 

-37° 

„ „ 6 


+ 19° 

-36° 

Ref index (Na) a 

1619 

1629 

1 576 

.. j3 

1623 

1633 

1 683 


1 524 

1 539 

1 688 

1 Birefringence y-a 

0 005 

0 010 

0 012 


London 1906, 78-85} devised a method in which 
the intensity of coloration imparted to the Bun 
sen flame gives an approximate indication of the 
percentage of potassium and sodium present 
Anorthite is decomposed by hydrochloric acid 
with separation of gelatmous suica The other 
febpars are only very sbgbtly attacked by acids 
(except hydroSuonc), alkaline solutions and 
carbonated water , but they are decomposed by 
hot alkaline solutions under pressure 
The foUowmg analyses are of I, Orthoclase 
from Korway, as used m the manufacture of 
porcelain, formula Or^gAbj, II, Microeline 
(amazon stone) from i^taboka, ^ladagascar, 
Or^jAbgjAng HI, Albite from Ameha Co , 
Vu^uua, AbggOre IV, Ohgoclase (sunstone) 
from Tvedestrand, Nonvay, Ab^jAnjjOr, V, 
Labradonte from Ardglaas, Co Down, 
AbjjAngjOrg VI, Anorthite from Vesuvius, 

AbgAiiggOrg 

1 II III IV V VI 
SiOg 64 98 03 55 68 44 0130 62 33 43 96 

AIjO, 19 18 18 65 19 35 23 77 30 22 35 30 

FCjOg 0 33 0 34 — 0 36 0 40 0 63 

CaO trace 0 36 — 4 87 12 52 18 98 

MgO 0 25 0 10 — — _ 0 45 

K,0 12 79 13 90 0 43 129 0 85 0 40 

NajO 2 32 3 30 11 67 8 60 3 62 0 47 

Ign 0 48 — _ _ 0 36 — 

100 33 100 10 99 89 100 09 100 30 100 19 
Sp gr — 2 68 2 61 2 66 2 71 2 76 

Febpars are of wide distribution, according 
to r W Clarke forming about 66 p c of the 
earth e crust They occur as primary con 
stituenU m igneous rocks of nearly all kinds, ’ 
and are abundant m gneisses and metamorphio 
iwks The alkah febpars occur preferably in 
the more siliceous rocks (granite, etc ), whilst 
hme febpars are more common in basic rocks 
(gabbro, basalt, etc ) Anorthite is abo found 
m certam tj pes of meteoric stones Febpars are 
I TCry susceptible to alteration, bemg attacked 
I by carbonated, acid and alkahne waters, and 
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they give rise to a great variety of secondary 
minerals. By the action of rveathering pro- 
cesses the alkahs and lime generally pass into 
solution, remaining partly in the sod, and in 
part being removed in solution to form eventu- 
ally secondary deposits of salts and limestone ; 
whilst kaolin and &ee silica remain behind to 
give rise to deposits of clay. 

All the naturally-occurring felspars have 
been prepared artificially, and in addition others 
containing strontium, barium and lead in place 
of caldnm, or potassium in place of sodium in 
the plagioclases. The basic felspars crystallise 
readily and are easily obtained by dry fusion; 
but the alkali-felspars form extremely viscous 
glasses, and have not been crystallised by dry 
fusion without fluxes, iluch experimental work 
has been done in connection) with the isomor- 
phism of the felspars and in rock synthesis (r. 
F, Fouqne and A. iBchel-Levy, “ Synthese des 
Mineraux et des Roches,” Paris, 18S2 ; A. L. 
Day and E. T. Alien. “ The Isomorphism and 
Thermal Properties of the Feldspars,” Carnegie 
Inst., Washington, 1905). 

For practical purposes the felspars find 
applications in several directions. Some are 
used as gem-stones and ornamental stones. As 
a rule, these minerals are dull in colour, cloudy 
and imperfectly transparent, hut certain varieties 
exhibit special optical and colour effects. 
Moonstone, a variety of orthoclase obtained 
mainly fix»m Ceylon, displays a soft bluish milky 
sheen (glaucescence). Somewhat similar, hut 
with brighter colours, is peristerite (named from 
Tzepisrepd, a pigeon, on account of the colours 
resembling those on a pigeon’s neck), a variety 
of albite fo)m Canada. Sunstone, or avanturine 
felspar, exhibits a metallic spangled effect, due 
to the enclosure of scales of hsmatife ; this is 
best shown in the oligoclase from Tvedestrand 
in Xorway, but is also met with in some other® 
felspars. Labradorite in certain specimens, 
particularly those found abundantly as boulders 
on the coast of Labrador, are of a dull dark- 
grey colour, yet at just a particular angle with 
respect to the incident light they suddenly 
shine up with brflliant metallic colours. This 
change of colour or labradorescence is due to 
the interference of light caused by numerous 
minute enclosures in the minerah The same 
effect is also shown by the anorthoclase in the 
auglUsyenile (laurvOdte) from Laurvik and 
Fredriksvam in the south of Xorway, a rock 
much used as a polished ornamental stone. A 
clear transparent oligoclase from 3GtchelI Co., 
Xorth Carolina, has heen cut in the brilliant form 
as a gem. Ajnazonstone (g.r.) is a green micro- 
cline. (On the use of felspar as gem-stones, r. 
M. Bauer, “ Predons Stones,” transl. by L. J. 
Spencer, London, 1904.) 

The chief use of felspar in the industrial arts 
is for the manufacture of porcelain and enamel 
ware of all lands, including electrical goods. 
For this purpose only an alkali-felspar, pre- 
ferably potash-felspar or a potash-soda-felspar, 
is employed ; the lime-felspars not being suit- 
able, since they readily crystallise. In the finest 
porccla.in. felspar (10-35%) is added to the 
body, and as it fuses it firmly binds the particles 
of clay and quartz; but it is chiefly for the 


glaze that felspar (30-50%) is added. The 
best quality is used for mak^g artificial teeth. 
Small amounts are used by glass manufacturers, 
especially for producing an opalescent glass. 
Fused felspar forms a firm bond for emery, 
corundum and carborundum wheels. 

As an abrasive, felspar is expecially suitable 
for certain purposes. Owing to its cleavage, it 
powders to angular fragments ; and its hardness 
is about the same as that of glass. It is there- 
fore used as a cleaner and polisher of glass 
articles, and forms an ingredient of scouring 
soaps. Any felspar serves this purpose, so long 
as it is free from quartz. Labradorite from 
Duluth, ilinnesota, is used as a sandpaper in 
wood-working. Other minor uses of felspar are 
the manufacture of tarred roofing material, for 
surfacing concrete, and as a poultry grit. 

A great variety of processes have been 
devised and patented for utilising felspar as a 
source of potash, but these have not been able 
to compete with the slowly-acting geological 
processes which produced the Stassfurt deposits 
from the same material. Ground felspar used 
directly as a fertiliser is slow in its action, but 
lasting. 

Commercial felspar is all obtained by quarry- 
ing veins of granite-pegmatite. This is a very 
coarse-grained rock consisting of alkali-felspar, 
quartz and mica, together with small amounts 
of tourmaline, beryl and various rare minerals. 
The same quarries are sometimes worked also 
for quartz and mica ; those of Cahform'a, 3Iaine, 
Connecticut and Madagascsir yield gem-stones ; 
and those of southern Xorway small amounts of 
rare-earth minerals, e.g. monazite, gadolinite, 
euxenite and uranium minerals. The felspar 
is, as a rule, orthoclase or microcline ; but veins 
of soda-pegmatite, consisting mainly of albite 
with a little hornblende, are worked in Pennsyl- 
vam'a. 3Iaryland, and at ViUenenve in Quebec. 
The largest producer is the United States, 
principally along the Appalachian ilountains in 
the eastern States, and in California (r. E. S. 
Bastin, Economic Geology of the Feldspar 
Deposits of the United States, U.S. Geol. 
Survey, Bull. 420, 1910; A. S. Watts, The 
Feldspars of the Xew England and Xorth 
Appalachian States, U.S. Bureau of Mines, 
Bull. 92, 1916). In Canada the principal 
quarries are in Quebec and Ontario (H. S. 
Spence, Feldspar, Mines Branch, Ottawa, 1932, 
Xo. 731). Other large producing countries are 
Xorway, Sweden and Italy. (On Xorwegian 
deposits, see 0. Andersen, T. F. W. Barth and 
O. A. Broch, Feltspat I-IT, Xorges Geol. 
Undersnk. 1926-34, Xos. 12SA, 12SB, 141.) 
The spar should be free from iron-hearing 
minerals and mica, but the presence of 15-20% 
of quartz is not injurious for pottery. It is 
sometimes calcined before being finely ground 
and screened. 

In the British Isles there is abundance of 
available material in the pegmatite-veins 
traversing the ancient gneisses of Suthcrland- 
shire. The average amount of potash in the 
microcline of this ^’strict is 12-S%, and for the 
whole rock 6-7%. A few smaller pegmatite- 
veins arc present in Cornwall ; and the well- 
known Cornish china-stone is rich in partly 
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altered felspar The discovery of a vein of red 
felspar at Belleeh in Co Fermanagh led to the 
establishment of porcelain works at this locahfy 
The red felspar becomes white on calcination, 
the iron passmg into the condition of magnetite 
the particles of which maj be removed by means 
of a magnet Other Irish occurrences are known 
m Co JlajoandCo Donegal The abnndantly 
occurring granites of Cornwall, Scotland and 
Ireland contain, on an average, about 5% of 
potash, a portion of which i« however, earned 
in the mica {p Special Reports on the Mmeral 
Resources of Great Bntain Mem Geol Survej, 
vol V 1916, 2nd edit , 1917, P G H Boswell 
Bntish Supplies of Potash Felspar, considered 
from the Gla«s Alaking pomt of view, J Soc 
Glass Technology, 1918, 2, 35-71 , Felspar, Imp 
Mmeral Resources Bureau London, 1920 ) 

L J S 

‘•fEMEflGIW' (i Vol I\, 3306) 
FENCHANE 

HjC— CH — CMe^ 


157% 0 S69, n” 1 4724, [ 0 ]^ -32 12® o 

Fenchene is readily characterised by the pre 
paration of the crystalline di^romirfe, d and 
■ , m p 87-SS®, dl , m p 62% 

On oxidation with potassium permanganate 
a fenchene (I) yields 1 Xydroxy a/encAenic acid 
(II), d and I , m p 163-154®, givmg on further 
oxidation with lead peroxide a fenefiocamphorone 
(m}, d andl,mp 109-110®, bp 202®, semi 
carbazone, m p 220-221®. On oxidation with 
mtnc acid o fenchocamphorone gives cis 
apocamphoric aetd (lY) a Fenchocamphorone 
is obtained also by the oxidation of a fenchene 
with ozone 


HjC— CH— CH, 


1 1 

H,C— ilVIe— CH, 


The hydrocarbon, fenchane, CiqH„, bp 
140’/750 mm, ij* 0 8310, 1 «12. («], 

—18® 11, baa been prepared by the action of 
Bodium ethoxide on d fenchone hydrazone 
(Wolff and Rolte, Annalen, 1912, 394, 07, 
Komppa and Basselstrom, t6id 1932, 496, 164, 
497, 116), by the distillation of the hydrazone 
with potassium hydroxide (Kishner, J Buss 
Phya Chem Soc 1911, 43, 6S4) and by the 
reduction of a fenchene dibromide (Qnst, 
Annalen, 1918, 417, 293) It yields on mtration 
a mixture of 2 and 6 nitrofenchanes (Nametkio, 
J Russ Phya Chem Soc. 1915,47 1590) 

J L S 

FENCHENES By the removal of hydro 

f en chloride from fcnchyl chloride, prepared 
y the action of phosphorus pentachlonde on 
fenchol, Wallach (Annalen, 1891, 263. 129, 
1895,234 331, ISQS, 300, 294. 319) prepared 
an optically inactive hydrocarbon, 
bp 15S-160®, designated fenchene Subse 
quent investigations by Wallach and by many 
others (Wallach, t&id 1908, 362, 186, Aschan, 
Ber 1007, 40, 2750, Annalen, 1912, 387, 1, 
Komppa and Hmti^a, Ber 1914 47, 936. 
Komppa and Roscbicr, Annalen, 1929, 470 
129, Qnst, liid 1918,417,233, Ruzicl^and 
LiebI, Helv Chim Acta, 1023 6, 267, and 
KompM and Njman. Annalen, 1933, 535, 2o2) 
showed that this hydrocarbon was not ^mo 
geneous but a mixture of five hydrocarbons in 
varying proportions For the preparation of 
these hydrocarbons three general methods are 
available (i) dehydration of the alcohols 
fenchol and laofenchol , (u) distillation of their 
xanthogenates , and (lu) removal of hydrogen 
chlonde from fcnchyl and iwfenchyl chlorides 

a Fenchene (I) IS mostconvementlyprepared 

by the ilutillation of methyl a fcnchyl xan tbat.. 
or bv the action of mtrona acid on feochylammi 
For 1-a fenchene prepared from I fencbylanune 
the following constants are given bp 155 - , 


H,C— C 

-* h 

:h— 

Me, 

:h, 

H,C 

-* 1 

H,C— ' 

:h- 

20 

H,C 



HjC— CH— CH, 

i^MeJ 


H,i- 


m 


CH— C(OH)COjH 

n 

H,C— CH CO,H 
— Lh co,h 


irv. 


The Btnicture assigned to a fenchene was con 
firmed by Komppa’s svntheais (Ber 1901, 34, 
2472 , Annalen, 1909, 368, 126} of opocampbonc 
acid extended later to a synthesis of dl a 
fenchocamphorone and dl a fenchene (Ber 1911, 
44 1536, Komppa and Roschier, Ann Acad 
Sci Femucie, 1916, [A], 10, [m], 3, Komppa 
and Komppa, Ber 1936, 69 [B] 2606} The 
synthetic hydrocarbon had bp 154-166®, 
^ 0 8660, 1 47045 The mam stages in 

these syntheses are given below 

OC— CH COjEt 
CMCj -> 
CO,Et CHjCOjEt OC— CHCOiEt 

H^C-CH CO.Et H,C— CH CH, 

j iwe, 

H,c— in COjEt 


COjEt CH,CO,Et 

+ iwe, 


cImb, O - 


H,C— CH CO 
H,C— CH CH, CN H,C— CH CH, CO,H 


CMe, 
H,C— in CO,H 
H,C-CH-CH, 


I "r 

H,C— CH CO,H 
H,C— CH— CH, 

1 I 


CMeJ 

ill I I *1 

H,C— CH— CO H,C— CH— C(OH;Me 
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FENCHENES. 


cf-^-Fenchene (V) ivas first prepared by Ber- 
tram and Helle (J. pr. Cbem., 1900, [n], 61, 353) 
by tbe dehydration of l-isofenchol (VI), and later 
by Wallach and Neumann (Annalen, 1901, 315, 
381) by the action of aniline on a fenchyl 
chloride -svhich had been prepared by the action 
of phosphorus pentachloride on Z-a-fenchol in 
Ugroin the reaction mixture not being cooled. 
It is probably best prepared either by the 
dehydration of I-a-fendol ( Vll) ■with potassium 
hydrogen sulphate (Komppa and Eoschier, l.c. ; 
cf. Komppa and Nyman, l.c.) or by the action of 
toluidine on l-isofenchyl chloride (VIU) (Qxist). 


HjC— CH — CMe., H„C— CH — CMe„ 

t I I “ “r 1 . • 


CH, 


CH„ 


HO-HC— CMe-CH„ H,C— CMe-CH-OH 
VI. ' vn. 


■vrhich on dehydration gave a mixture of /S- and 
y-fenchenes. 

y-Fenchene (XII), b.p. 145-147°, df 0-8547, 
tijJ* 1-46072, 'which has not been obtained p'ore, 
may be prepared by the dehydration of a- 
fenchol 'with potassium hydrogen sulphate. Its 
structure is proved by its oxidation with ozone 
to the keto-aldehyde, CjoHjeOg, (XIII), disetni- 
carbazone, m.p. 219°, and to the ketonic acid, 
CjoHieOg, (XIV), semicarbazone, m.p. 220-221°, 
the latter yielding on further oxidation ■with 
sodium hypobromite trans-opofenchocamphoric 
acid. 


HC— CH— CIVIe„ 

I 

CH„ 

I “ 

MeC— CH— CH„ 

xn. 


OHC-CH— ClVIej 

CHj 

MeCO-CH— CH„ 
XTTT . 


HjC— CH— CMe„ 
[ CH, 


H,C— CH— CMe, 

I I 


HO„C-CH— CMe, 

■ I 

CHg 


CIHC— CMe-CH, H,C-.C— CH— CH, 

vm. ‘ ■ V. 


MeCO-CH— CH, 
XIV. 


Z-)3-Fenchene has b.p. 150-153°, d^ 0-8591, 
Up ® 1-4645, [a]D -f 62-91°. It yields a crystal- 
line dibromide, m.p. 81-82° and a nilrosochloride, 
nup. 120°. On oxidation 'vrith potassium per- 
manganate it gives l-hydroxy-^-fenchenic acid 
(IX), d-, nup. 137-138°, dZ-, m.p. 125-126°, 
fixim which p-fenchocamyhorone (X), m.p. 62-63°, 
dZ-, m.p. 64-66° is obtained on further oxidation 
■with lead peroxide. On oxidation with nitric 
acid ^-fenchocamphorone gives a^ofencho- 
campfioric acid (XI), ciV, m.p. 144-5-145°, irans-, 
m.p. 147-148°. 

H,C— CH— CMe, 



HO,C(HO)C— CH— CH, 
EX. 


H,C— CH— CMe, 

- I 

CHj 

OC^H— CH, 
X. 


HO„C-CH— CMe, 

■ I 

CH, 

I. -■ 

HO,C-CH— CH, 
XT. 


^-Fenchocamphorone is obtained also when P' 
fenchene is oxidised ■with ozone. opoFencho' 
camphoric acid has been synthesised by Short 
(J.C.S. 1927, 981) and its higher homologue, 
homoapofencbocamphoric acid, by Bardhan, 
Baneiji and Bose {ibid. 1935, 1127), whilst 
Komppa and Komppa (Ber. 1936, 69 [B], 2606) 
have described a synthesis of /S-fenchocamp- 
phorone although the pure feetone was not 
isolated. By the action of magnesium methyl 
iodide on ^-fenchocamphorone Komppa and 
Eoschier (Ann. Acad. Sci. Fennicje, 1917, [A], 
[x], 15, 1) prepared methyl j8-fenchocamphorol 


Derivatives of y-fenchene have been prepared 
by Alder and Stein (Annalen, 1933, 501, 28; 
1935, 515, 171) and by Komppa and Beckmann 
{ibid. 1933, 503, 130). These comprise a nitroso- 
chloride, m.p. 150°, a nitrosate, m.p. 146-147° 
and an additive compound ■with phenyl azide 
dZ- m.p. 148-149° ; tZ-, m.p. 177°. 

S-Fenchene 


HC— CH CMe, 

1 

CH, 

I ■ 

HC— CMe— CHa 

also kno'wn as fenchylene and isofenchylene, 
b.p. l39-140°/762 mm., df 0-8381, 1-4494, 

[o] —68-76° (in alcohol), has not been obtained 
pure. It is present in the lowest boiling 
Suctions of the oil obtained by the dehydration 
of a-fenchol with potassium hydrogen sulphate 
or by the distillation of Z-methyl fsofenchyl 
xanthate (Nametldn, J. pr. CJhem. 1923, [if|, 
106 26). It has b^n characterised by the 

preparation of a nilrosochloride, m.p. 142°, and a 
nilrosilc, m.p. 163°. Its structure is proved by 
its oxidation do isofencho-camphoric acid. It 
forms two adducts -with phenyl azide, m.p. 
12S=-129" and 122°, respectively (Alder and Stein, 
Annalen, 193o, 515, 180). 
cyc/oFenchene 

H,C CH— CMe. 

i 

CH, 

HC i CH 



CMe 


b.p. l43-143-5°/748 mm., df"* 0-8624, 
1-45370, is present in the mixture of fenchenes 



prepared by any ol the general methods It » 
most conveniently obtained by treating d 
fenchono hjdrazone with mercuric oxide m the 
presence of alkali (G P 353933) Owmg to its 
stability It can be readily freed from unsaturated 
h} drocarbons by treatment with potassium per 
manganate By the action of bromine a 
fenchene dibromide, m p SG-S?", is obtained, 
whilst on hj dration isofenchol is formed 

J B S 

FENCHOL {Fenchyl alcohol) 

H,C— CH — CMcj 

I I 

HjC— CMe— CH OH 

The occurrence in nature of dl/encAol was first 
observed in yellow pine oil distilled from the 
roots of Pinua palustria (Schimmels Report, 
1910, April, p 107) and later confirmed by 
Zeitsche! and Todenhofer (i6id 1932, G3, 64) 
The alcohol has been shown by 8cbmidt and 
Schulz («&<d 1935, 94. of Komppa and Beck 
mann, Ber 1935, 68 [B] 10) to be pure dl a 
fenchol, m p 38®, b p 199 5*/750 mm d*® 

0 9420, nj,® 1 47013, phenylurttkane, m p 104% 
hydroyen phthalale, m p 109* dl Fenchol | 
ro p C 3", b p 200 5®/760 mm , d<» 0 9428, n" j 

1 47033, phenylureihane, m p 90 5*, hydrogen 
phthalale, mp 163 5% has been prepared by 
Schmidt and Schulz by the hydrogenation of 
dl fenchone using a nickel catalyst The d 
and { fenchols have been prepared ^y the reduc 
tion with sodium and alcohol of the d and I 
fenchones, the d ketone yielding the I alcohols 
(Bertram and Helle J pr Chem 1900, [ii], 61, 
294] The separation of the mixture of alcohols 
so obtained was first carried out by Kenyon and 
rriston(JCS 1925.125 1472) Schmidt and 
Schulz give the following constants for the 
alcohols and their derivatives 

Bydro 

Phenyl gen 

n Ti . ure phtbal 

(alp thane, ate 


isoFENCHOL 1-a isoi enc^ol (laiao 
Fenchyl alcohol) (I) was prepared by Bertram 
Kelle (J pr Chem 1900, [u], 61, 300, 
Wallach and Vivck, Annalen, 1908, 362, 191) 
by the hydration of I a fenchene (II) with sul 
phunc acetic acids It has been prepared also 
the hydration of d j3 fenchene (III) and d 
^yclofenchene (IV) (Aschan Ber 1907, 40, 
^750, Qvist, Annalen, 1918, 417, 278) da 
fOoFendid has been prepared in a similar manner 
H,C — CH— CMej HjC— CH— CMej 

,c c— in— CH, 




on 

k;; 


HjC— 

-CH— CMej 

H,C— CH — CMe 

j 

1 1 

CH, 

II 1 

— ► CH, 

HC 

_j CH 

HO HC— CMe— CH, 


CMe 


IV 

I 


By the catalytic hydrogenation of dl wo 
fenchone Alder, Stem and Kickert (Annalen, 
1936, 525, 221) have prepared dl ^ laofenchtd 
which 18 converted into the a alcohol by the 
action of sodium m toluene solution The 
latter alcohol is formed also by the redaction of 
tsofenchone with sodium and afcohol According 
to Komppa and Beckmann (t5td 1036, 522, 137) 
the o alcohol has the exo configuration The 
constants of the alcohols and their derivatives 
are given in the table (e/ Schmidt and Toden 
hofer, Scbimmel s Report, 1937, 111) 


dp 

IP 


‘Cl 

750 


47 — 

48 






np. 


alcohol) 

+ 115* 81 145! 

199 5 COCOS”* -11* 81-82 14 « 

— — — -2160* 89 151 

6C 200 5 0 084“* +2140* 8»-90 152 


The configuration of these alcohols has not been 
determined (Komppa and Beckmann, Annalen. 
1936 522 137, Alder, Stem and Rickert, 
»6id 1930,625.225) 

The fenchols are formed also by the hydration 
of a and P pinenes as was first observed by 
Bouchardat and I^font (Compt rend 1887, 
105 1177, 1897,125 111) On oxidation they 
} icld fenchone, whilst on dehydration a mixture 
of the fenchene* is obtained Replacement of 
the liMlroxyl group by cblonne results m the 
formation of a mixture, one of the constituents of 
which IS the true fcnehyl chloride (infer al 
Komppa and Hintikka, Ber 1013, 46, 645, 
Komppa and Bergmann, Annalen, 1934, 

J L 8 




[alo 

61 5-82 201-208 0 0613 1 48005 -25 73* 
+8 105-197 0 952 1 47259 +15 20* 
42-43 202-203 0 9533 1 47556/20* — 


chol 
f a 
dp 

dl-a 

dip 


^ Hydrogen 

Phenylurethaae phthalate 

m P *0 m p "C 

106-107 156 

liquid 80 

94-95 — 

101 104-105 

On oxidation the wofenchols give tsofenchone 

J L S 

FENCHONE The ketones d and t 
fenehone, CjoHuO (I) occur respectively m od 
of fennel (from (FcnicwlHm lulgare) and thuja 
oil (from Thuja occtdentalu) (Schimmel s Be 
port. 1800 April, p 20, Wallach, Annalen, 
1891.2^,120. 1892.272,102) The ketone, 

which has an odour reminiscent of that of 
camphor, has imp 6-6% bp 192-193% d“0 948, 
"d 1 46355, la]j,+62 76®, oxime, d and I , m p 
165% tfl , m p 158-160% stmtearbazone, d 
and I , m p 182-183% dl , m p 172-173* 

The structure (I), now assigned to the ketone, 
was fissfi Vy fitairtii'jw 




FENCHYIiENE 


FENCHYLENE,Sfenchene(i? FENcnraxa) ' 
FENNEL. The dned npo fruit (seed) of| 
vvlgare Miller (Fam UmbelUfer®) 
cultivated extensively on the Continwit of 
Futopo and m North America It is a biennial 
or perennial aromatic herb, with leaves divided 
into numerous hair like segments, and grows 
to a height of 3-6 ft The cremocarp consists 
and 18 more or less separated into, two straight 
or but shghOy curved mcncarpa, from 6 to 10 
mm long and 1 6-4 mm broad The cross 
section of the mencarp is almost that of an 
equal sided pentagon tho commiBnral surface 
1 cing greater than the four comprising the dorsal 
surface It also exposes six vittai, one on each 
dorsal and two on the commiaural side with 
fi\o almost equally prominent ridges It is 
largely used as an aromatic and carminative, 

f articularly as a comgcnl of senna and rhubatb 
1 18 stated that tho oil is usually prepared from 
the whole herh 

ihaOKOjixt Appearonce — ^Tbe outer epidcr 
mis IS composed of quadrangular to polygonal 
cells with an unstriated cuticle (distinction from 
many other umheUiferoua fruits) with occasional 
stomata The mesocarp consists of very cha | (j ; 
racteristic, hgmiied reticulate parenchyma, and ' ’ 
the inner cpwleimis of thin walled cells almost 
reminiscent of parquet Tho endosperm is 
composed of colourless rather thick wallcid 
parenchyma which contain aleurone grama and 
rosette crystals of calcium oxalate 
Chtmical Composition — Probably the most 
satufactory metliod of determining the essential 
oil content of fennel is by tho process of Cocking 
find Middleton (Quart J Pharm 1936 8, 436) 

Tho pondered fruit is mixed with brine and 
distilled, the vapours being passed through the 
tem of a condenser into a graduated tube, in 
wnicli the oil is collected, whilst tho condensed 
water is returned to tho distillation flask An 
wr Inlet and outlet la provided Wlow the 
condenser but above tho graduated tube 
These authors find that the yield of oil is in 
crcoAixl by crushing the {nut before distillation. ' 
but that tho commercial powder looses some of 
Its oil on keeping Tho fruits contain from 
3 to 4% of oil in the freshly ground fruit 
and from 1 to 2% less in tho commercial 
powder 

Standards — Tlio Bntish Pharmacopoeia itt 
quires fennel to contain not more than 2% of 
forci^ organic niattet nor more than 12% 

Aduheration — 'French sucet fennel. Fctm 
cvlutn nlgare, subsp cnpiflaceuni. var dutce, is 
sometimes substituted for bitter fennel It 
contains only about 2% of volatile oil, which is 
practialh free from fenchone Japanese and 
Indian fennels are sometimes substituted, as 
is also, occasionally, extracted frat, which last 
are much dsrltor in colour than the unextracted 
fruit 

FENNEL, ESSENTIAL OIL OF ^S'e 
oil diatiUeil from the fruits of Paniculum vulffart 
or / c<jpi//a«um Gihb (Fam Urn 
Wlifera?) The herb u cultivstcd in Gahcia, 
uennanv, Uoumania, Egypt, Asia 

Minor i rrsia, India and Japan InlWior oils 


obtained from the wild bitter fennel and 
the water fennel {(Enanihe pMlandnum, Pkel 
hndnum aqmticum) 

Coniiiiutnts — ^Fennel oil contains anethole, 
fenchone, pmene and dipentene The proportion 
of anethole vanes considerably and is roughly 
indicated by the congealing point which aetvea 
to determine the quality of the oil The pro 
portion of fenchone also varies from almost 
nil to 22%, but this constituent is of httle 
importance 

Charaelers — Sp gr 0 960-0 995, opt rotation 
+6® to +20® Congeahng point +5® to +10® 
Solubility 1 m 6 to 8 vol of 80% alcohol The 
cotigealing point is determined by the method 
described in the Bntish Pbarmacopceia for 
aniseed oil but a small crystal of anethole 
must be used to induce crystallisation after 

'“'■“S p ^ J, 

*' F£/MN V AtUMnacM (Vol I, 278d) 

FERBERITE, the name appbed to the 
members at the iron end of the wolframite senes 
(FeWO,) 

FERGAN ITE is related to camotjte (v Vol 


L J 8 

FERGUSONITE A rare mineral consist 
ing of columb&te (niobate) and tantalate of 
yttnum and cenum earths together with a small 
amount of uranium tho general formula being 

R (Cb.Ta)©* 

Tetragonal crystals were found m Greenland in 
1826, but usually the mineral la massive with a 
lustrous pitchy appearance on the fractured 
surfaces , sp gr 5 8 It is optically isotropic, 
owing to alteration and hydration when 
heated, it suddenly shows an incandescent glow, 
becomes fractured and anisotropic, and gives off 
gaecs (helium, etc ) The mineral occurs m 
pegmatite veins at Yttcrby m Sweden, near 
Arcndal and elsewhere in Norway, and m some 
Abundance as largo masses at Barringer HiU in 
Llano Co , Texas At tho last named locahty 
it has been mined, together with gadolinite 
and other rare earth minerals, for the supply 
of yttnum, etc Other localities are Coolegong 
m Western Australia, Madagascar, and the 
Caucasus 

L J S 

FERMENLACTYL, a preparation of lactic 
acid bacilli 

FERMENTATION, ALCOHOLIC. The 

production of carbon dioxide and alcohol from 
sugar is by far tho moat important of all technical 
procesacs of fermentation, and haa, therefore 
b«n more thoroughly investigated than any 
other change produced by micro organisms 
Although both alcohol and carbon dioxide ore 
Tiroduced from sugar by many micro organiams 
belonging to the clasa of bactena, the power of 
bringing about the typical alcohohe fermenta 
tion ofdecompoaing sugar almost quantitatively 
into tbcao too substances, is posscaacd among 
micro organisms only by certain moulds and by 
o group of unicellular fungi which belong to 
several closely albcd familica and are commonly 
groupetl together aa yeasts The biology and 



fermentation, alcoholic. 


great importance m brewing, aa a yeast which 
possesses a comparatively large amount of this 
enzyme is able to attenuate the u ort to a greater 
extent, and to produce a larger yield of alcohol 
Starch and glycogen are unaffected by yeast, 
probably because, owing to their highly colltud^ 
nature, they are unable to penetrate the cell 
Species of yeast are now known which are lackmg 
in one or other of all these hydrolytic enzymes 
and are incapable of fermenting the cone 
sponding sugar These yeasts have frequently 
been employed for the isolation of such a sugar 
as maltose from mixtures containing glucose 
or fructose, and for the analytical estimation 
of mixtures of sugars {Davis and Daish. J 
Agnc Sci 1913, 5 437), and of the sugars m 
urme (eee Harding and Grant, J Biol Chem 
1931, 94, 629, Harding, Nicholson and Grant, 
\bid 1932-33, 99, 625) Their relatione to the 
disacchandea are employed as a means of 
classification Thus 8 marxianus H and 
S enguu3 H ferment cane sugar, but not 
maltose , S rouxix Boutroux ferments maltose, 
hut not cane sugar , S /rogiits Jorg found 
in kefir, ferments lactose, and S mail Duclaux 
only ferments the simple sugars and is without 
action on the disacchandea No yeast appears 
to be able to ferment the synthetic disac 
chandes, such as iscmaltose or glucosidoga* 
lactose, and this disabdity extends to the iso 
znerides of the heioscs such as sorbose, t^atose, 
etc , to the optical antipodes of the fermentable 
sugars which have been obtamed by synthesis, 
and to the pentoses and tetroses lleyond the 
simple sugars mentioned above, no other sub 
stance appears to be directly fermentable by 
yeast to alcohol and carbon dioxide, with the 
exceptions of a synthetic 9 carbon atom sugar 
and of glycetaldeh^e aud dibydroxyacetone, 
which, according to iJertrand (Ann Chim Phys 
lOffl, [vm], 8, 181), Buchner and Meisenbeimer 
{Ber 1910, 43. 1773) and von Lebedev (ibid 
1011, 44,2032. 1012,45, 3526, Biochem Z 
1912, 48 483), are acted on by yeast Glycerol 
and the higher alcohols such as mannitol and 
dnlcitol, are not fermented 
The pbosphorylated intermediate products of 
alcoholic fermentation are decomposed by yeast 
preparations, but not all of them are attacked 
by living yeast, possibly owing to the bmited 

E ermcability of the yeast cell membrane Thus 
eioscdipbosphate w unattached by Lving yeaat 
whereas fructose 0 phosphate is slowly fer 
mentod (Neuberg, Biochem Z 1918, 88, 432) 
as IS also d phosphoglyceraldehyde (Smythe and 
Genscher, itid 1933, 260, 414) 

In lOII, Xcuberg (t&id 1911,31, 170) made 
the important discovery that yeast decomposes 
a ketonic acids quantitatively into carbon 
dioxide and the corresponding aldel^de (see 

R CO COOH-R CH04-CO, 

This reaction is brought about by all races of 
brewer a y east, and by wme yeast*, and baa been 
traced to the presence in these of an enzyme 
termed by Neuberg earbozylue The enzyme 
p.vase3 from the cell mto the yeast juice, so that 
this also possesses the property of decom 
posing a ketotuc acids Their aalU are also 


attacked, the carbonate or bicarbonate of the 
metal bmng formed, and a ceitam amount of 
the aldehyde undergoing condensation to in 
active aldol under the influence of the alkaline 
carbonate The enzyme is undoubtedly distmct 
fiom zymase, and is differently affected by 
agents such as heat and antiseptics Its action 
is, moreover, independent of the presence of the 
CO zymase of yeast juice (Harden, Biochem J 
1913, 7, 214 , Neuberg and Rosenthal, Biochem 
Z 1913, 51, 125) but requires a specific co 
enzyme (Auhagen, Z physiol Chem 1931, 204, 
149) (see p 18) 

Many hydroxy acids are also slowly attacked 
by yeast, among these bemg lactic acid (Buchner 
and ileisenheimer, Ber 1904, 37, 417, 1905, 
38. 620, 1906, 89, 3201, Oppenheimer, Z 
physiol Chem 1914, 89, 45), glyceric acid 
(Neube^ and Tir, Biochem Z 1911, 32, 323, 
von Le^dev, Ber 1914, 47, 660), gluconic acid, 
and glyoxybc acid (von Lebedev, Biochem J 
1918,12 81) 

2 The Rath of Fermeittation by Yeast 
haa been investigated by many authors It is 
best examined by Slator s method of adding a 
suspension of yeast to the solution to be fer- 
mented, and determining the initial rate of 
fermentation In this way, all errors due to 
change in the amount and condition of the yeast 
and to the influence of the products of decom 
position are, to a large extent, avoided (JOS 
1008, 89, 128) By this and other methods, it 
has i^en established (see Hopkins and Roberts, 
Biochem J 1035, 29, 910, where the literatuce 
IS cited) that the kinetics of fermentation bj 
bvmg yeast are precisely similar to those of an 
enzyme reaction With low concentrations of 
sugar and relatively high concentrations of yeast 
(0 04-0 07% glucose and 6 4 g pressed yeast 
per 100 c e at 30®) a unimolecular reaction 
occurs When relatively low concentrations of 
yeast are used (as m Slator s experiments), the 
enzyme becomes saturated and the fermentation 
rate remains constant over a long range of 
substrate concentration Intermediate con 
ditions, as in the experiments of Nord and 
Weicbherz (Z Elektrochem 1929, 35, 612), 
result in a maximum rate followed by a declme 

The rate increases with the temperature, but 
the temperature coefficient diminishes as the 
temperature increases The following values 
were obtained by Slator for glucose, they are 
independent of the concentration of yeast and 
glucose, the class of yeast and presence or 
absence of nutrient materials, and remained 
the same when inhibiting agents are present 

Temp V„io/V, 

5® 5 6 

10® 3 8 

15® 2 8 

20® 2 25 

25® 1 95 

30® 1 6 

The temperature coeflScient for an ordinary 
chemical reaction is of the same order as these 
numbers, viz 2-3 for 10® Shghtly higher 
coefficients were obtained by Hopkins and 
Roberts (Biochem J 1935, 29, 2450) 
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yields a fraction of high boilmg pomt, Trhich 
amounts to 0 1-0 7% of the whole, and is 
known as fusel oil (j c ) The discnssion which 
had long rag^ over the ongin of this fnsd oil 
was set at rest by the researches of Ehrlich 
(Z Ver Rubenznck Ind 1905, 639, Biochem 
Z 1906,2, 62, 1909, 18, 391, Ber 1906.39, 
4072 , and many other papers), who has proved 
m the moat conclusive manner that the higher 
alcohols and the corresponding acids and aide 
h}dea which are observed in fermented hqnids 
are formed by the yeast, not from the sugar, 
but from the ammo acids produced by the 
hydrolysis of the proteins of the medium and 
of the yeast cell itself 

The reaction is a general one, and requires 
the presence of hving yeast and sugar as well 
as the ammo acid In these nrcumstaoces, the ' 
yeast not only ferments the sugar to alcohol 
and carbon dioxide in the usual way. hut also 
brings about what Ehrhch terms the alcohobc 
fermentation of the ammo acids, according to 
the equation | 

R CH(NH,)COOH+H,0 

»R CHjOH+NHj+COj 
The ammonia appears to be invariably 
assimilated by the yeast and is not found in the 
medium This fact probably affords the key 
to the biological significance of the reaction 
It IS by means of change that the yeaat 
acquires from the ammo acids, which are 
usually the chief available source of this element, 
the nitrogen necessary for its existence The 
whole change is rendered possible by the 
utilisation of some of the energy evolved by 
the fermentation of sugar, which is proceeding 
simultaneously Ehrlich has shown, ny carefid 
espenments, that m this way leueme 

(CH,),CH CH,CH(NH,)COOH 
yields tsoamyl alcohol 

(CHs)jCHCHjCH, OH. 

and leolencme 

C,H, CH(CH,)CH(NH,)COOH 
yieldsd amvl alcohol C,H, CH(CHj)CH, OH, 
which are the mam constitnente of fusel oU 
The other ammo acids yield correspooding 
products, tyrosine 

OH C,H*CH,CH(NHi)COOH 
being converted into p bydroxyphenylethyl 
alcohol Of tjTosol HO C,H| CH, CH, OH, a 
substance of intensely bitter taste, and phenyl 
alanine C,Hj CH, CH(NH,)COOH into 
phenylethyl alcohol C,H, CH, CH,OH, one 
of the chief constituents of oil of roses Vahne 
jnelds isobutjl alcohol, and argminc a mixture 
ofl 4 butileneglycol and succinic acid fThonie) 
These chances take place under practical 
brewing conditions (Thome, J Inst Brew 1937 
43 2SS), and it » almost certain that many 
of the f nlrttancca which impart flavour, bouquet 
and aroma to fermented liquors bare their 
onjin in this manner, so that the subject is one 
of fundamental importanee for the technolo-ust 
bueemic acid w also fonncil by a reaction of 
this kind, which differs from the foregoing m to 


far as it mvolves an oxidation The source of 
this substance is glutamic aad which, instead 
'of yielding y-hydroiybutync acid, as might 
have been expected, is converted mto succmic 
acid 

COOH CH, CH4CH(NH,)C00H+20 

=COOH CH, CH, COOH+CO,+ NH, 
\east 18 , moreover, not only capable of pro 
doemg these changes in ammo acids naturally 
present in the medium or purposely added to it, 
but also decomposes m a similar manner the 
ammo acids formed by the hydrolysis of its 
own protem Some of the cells evidently 
utilise the products of the antolysis of others 
which have died, and hence it comes about that 
even when a pure sugar solution is fermented by 
pure washed yeast, the fermented hqmd con 
tains a certam small proportion of fusel oil, 
succuue acid, etc The amounts produced 
in these circnmatances are, however, small 
as they are also when the yeast is grown m 
presence of ammonium salts Many of the 
products (e g tyrosol) have a strongly mhibitoiy 
effect on yeast growth and a sm^er effect on 
fermentation (Thome, \h\d 1039, 45, 13) 

Dunng the fermentation of sugar yeast 
excretes nitrogenous substances the greater 
part of which is not m the form of ammo-acids 
(Lampitt, Biochem J 1919,13.459; Thome, 
J Inst Brew 1933, 89, 608, Ivanov and 
Erapl^a, Biochem Z 1929,212,265) 

It seems probable, from the expenments of 
Neubauer aad Fromherz (Z physiol Chem 
1911, 70, 32C), that the amino-acid (I) first 
undergoes indiiect oxidation to the correspond 
iDg ketomc and (HI) and ammonia, and that 
this acid IS then decomposed by the yeast, 
forming carbon dioxide and an aldehyde (IV), 
wl^ch then either undergoes rednction to an 
alcohol (e g fiisel oil) or oxidation to an acid 
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It IS interestmg to note that the reaction 
proceeds asymmetrically 
It has now been proved by Neuberg and his 
colleagues (c post) that the glycerol, which is 
invariably formed during fermentation, is 
derived from the sugar and, unlike the substances 
discussed above, is also produced by yeast juice 
and zymm in the absence of Lving yeast 
5 Ratio or Alcoboi. to Casbow Dioxide 
All these decompositions have an influence on the 
ratio of alcohol to carbon dioxide produced by 
alcohobc fermentation The theoretical ratio 
13 46/44—1 W5, and Pasteur, as quoted above, 
actually found 51 00 parts of alcohol to 49 11 of 
rarbon dioxide from 100 of cane sugar He, 
however, considered that succimc acid and 
glycerol were formed according to the equation 
49C,H„O,+30H,O 

=1 2C,H,O,-l-72C,HjO,-|-30CO, 
and therefore ascribed 0 61 of carbon dioxide to 
the fermeotatioo which had produced 0 C5 of 
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succinic acid, thus leaving 48-50 of carbon 
dioxide as the product of the true alcoholic 
fermentation, the corrected ratio being thus 
51-00/4S-50=1-051. Similar results were ob- 
tained by Jodlbauer (Z. Ver. Rubenzuck.-Ind. 
18SS, 308), who found that cane sugar 3 delded 
49-04% of carbon dioxide. 

Buchner and ileisenheimer (Ber. 1910, 43, 
1773), working with pmre yeast (Race 792 of the 
Berlin Collection), obtained 49-73% of the cane 
sugar as aleohol, and 49-12% as carbon dioxide ; 
the ratio being 1-01. They ascribe this excess 
of carbon dioxide to the oxidation corresponding 
to the production of glycerol, the amount of 
which was not estimated. In spite of the fact 
that no nitrogenous material was added to the 
medium, the carbon dioxide and alcohol only 
represent 98-85 parts of the 105-36 of invert 
sugar to be accounted for, so that 6-51 parts had 
undergone some other change. Any carbon 
dioxide formed &om amino-acids produced b 3 * 
autolysis would be included in the amount 
found. 

6. Foejiatiox of Glycogek: Adtofer- 
iiEXTATiox OF Ye-AST. Yeast very readily con- 
verts a portion of the carbohydrate present in 
the medium into glycogen (CeHioOs.ln which is 
stored in the cell (see Harden and Young, J.C.S. 
1902, 81, 1224, where the literature is cited). 

This material acts as a reserve carbohydrate, 
and, when the yeast is preserved in absence of 
sugar solution, is slowly fermented into alcohol 
and carbon dioxide : this phenomenon is known 
as the autofermentation of j-east. As yeast 
may contain as much as 30^0% of its dry 
weight of glycogen, it follows that a very 
considerahle amount of carbon dioxide and 
alcohol may be produced from yeast alone. The 
autofermentation proceeds more rapidly at high 
temperatures (Harden and Rowland, J.C.S. 
1901, 79, 1227), and is greatly accelerated by 
the addition of many salts (Harden and Paine, 
Chem. Soc. Proc. 1911, 103) and of toluene. The 
conditions of formation of glycogen have been 
investigated quantitatively by Pavy and By- 
waters (J. Physiol. 1907, 36, 149), and micro- 
scopically by Wager and Peniston (Ann. Bot. 
1910, 24, 45 ; Wager, J. Inst. Brew. 1911, 17, 2). 

The Alcohouc Enzyue of Yeast. 

Up to 1897 all attempts to isolate from a yeast 
an enzyme capable of producing alcoholic fer- 
mentation had failed. It had early been shown, 
at first by Mitscherlich (1841) and then by 
Helmholtz, that the process of fermentation in 
all probability took place within the cell, and the 
efforts of later investigators had been rightly 
directed towards the extraction of an enzyme by 
some process of disintegration or treatment with 
solvents. All such efforts were, however, made 
in vain, as were also attempts to extract the 
. enzyme by freezing or plasmolysis, the products I 
obtained being either inactive or owing what 
activity they possessed to the presence of un- 
broken yeast cells or bacteria (F. von Liiders- 
dorff, Schmidt, Pasteur, Marie von Manassein, 
Adolf Mayer, Nageli and Loew). A slight modifi- 
cation of the grinding processes which had been 
used by several of these authors, led, however, to 
success. Hans and Eduard Buchner applied to 


yeast the process of grinding with sand which 
they had previousl 3 ' employed successfully for 
bacteria. By adding kieselguhr, at the sugges- 
tion of Hahn, to the pasty mass obtained, and 
submitting the mixture to a high pressure, they 
obtained a clear liqidd which was capable of 
fermenting sugar (Buchner, Ber. 1897, 30, 117). 

The Nature of the Active Agest e> 
Yeast Juice. — ^Buchner at once established the 
facts that the 3 ’east juice, prepared as described, 
was capable in the absence of yeast cells of pro- 
ducing alcoholic fermentation, and that this 
propert 3 " was still retained after the addition 
of chloroform, benzene or sodium arsenite, by 
precipitation with alcohol, by evaporation to 
diyness at 30-35°, or by filtration through a 
Berkefeldt candle, whereas it was completely 
destro 3 -ed at 50°. He therefore concluded that 
the fermentative power of the juice was due to a 
dissolved substance of the natare of an enzyme 
to which he gave the name of zymase. Several 
of the properties of this liquid, however, sug- 
gested to various investigators that it did not 
contain an enzyme of the ordinary kind, but 
rather fragments of the living protoplasm of the 
yeast, which retained for some time the functions 
which they had possessed in the cell. This idea 
was in harmony with the facts that the fer- 
menting power of the juice was rapidly lost on 
: preservation, and that comparatively large 
amounts of certain antiseptics did imdoubtedly 
! greatly diminish its activity. Other objections, 
founded on the behaviour of the juice on dilu- 
I tion, etc., proved not to be well founded. 
Further experience of the nature of 3 -east juice 
has shown that this idea has little to recommend 
it, and there seems at present no reason to doubt 
the existence of this enzyme in yeast juice. 

Pbefaeation' ahd Pbofebties of Yeast 
Juice. — Fresh brewery yeast is washed and 
pressed out at about 50 kg. per sq. cm. The 
resulting mass, which contains about 70% of 
i water, is mixed ulth an equal weight of sand, 
and from 0-2-0-3 part of kieselgt^, care being 
taken that this is firee from acid. The dry 
powder thus formed is then ground in small 
portions at a time in a large porcelain mortar 
by means of a heavy pestle, imtil the mass 
becomes pasty, which occurs after about 1—2 
minutes’ grinding. The grinding may also be 
done in a mixing mill - The paste is then either 
directly pressed out after being wrapped in a 
filter cloth, the pressure being gradually raised 
to 90 kg. per sq. cm. (Buchner), or is mixed with 
more kieselguhr and the dry powder pressed 
out between layers of chain cloth (Macfayden, 
Morris and Rowland). A more active juice is 
usually obtained from English top yeasts if the 
ground mass be kept for 2 hours at air tempera- 
ture before it is pressed out (Harden and Henley, 
Biochem. J. 1927, 21, 196). 

The yield of juice obtained from 1,000 g. 
of bottom yeast (Buchner) is about 320-460 
c.c. ; that obtained from English top yeasts is 
rather smaller, averaging 250 c.c. (Harden and 
Young). The product, after any suspended 
yeast °cells have been removed by filtration or 
centrifuging, is a slightly viscid, brownish- 
yellow, opalescent, faintly acid liquid of sp.^. 
1-03-1-06. It contains about 8-5-14% of dis- 
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solved sobds, and 0 7--1 7% of mtrogen, nearly 
all in the form of protem, so that the hqmd 
coagulates when heated The ash amounts to 
1 4-2% and, like that of jeast, contains a large 
proportion of phosphoric OTide 

An active extract, known as maceration 
extract, baa been obtained by voo Lebedev 
(Compt rend 1911,152,49, Ann Inst Pasteur, 
1912, 26, 8) by drying jeast at 25-30*’, and then 
macerating the dried material with 3 parts of 
water for 2 hours at 35“ The liquid is then 
filtered or centrifuged and a clear active extract 
13 thus obtained Bottom yeasts m general give 
good results, whereas with some other yeasts, 
and notably with many English top yeasts, the 
process fails In such cases better results are 
often obtainable by macerating with 0 15J!/ 
K2KPO4 or Na2HP04 (Hagglund and Rosen 
qvist, Biochem Z 1927, 180, 61) The yeast 
m use in Stockholm also vields a Lebedev extract 
which has very feeble fermentmg powers (von 
Euler and Adler, Z physiol Chem 1934, 226 
206) The extract closely resembles yeast juice 
obtained by grinding, but usually contains a 
larger amount of inorganic phosphate and a 
much smaller amount of glycogen and often 
shows a long period of induction before the 
fermentation of added sugar begins 
Mhen the juice is preserved the protem 
becomes hydrolysed owing to the presence of a 
powerful proteolytic entyme At the same time, 
the power of producing alcoholic fermentation 
is lost, and it seems probable that this is due 
to the action of the proteolytic enzyme on the 
enzjmcs of fermentation (Buchner) 'When 
excess of sugar is added and the mixture m 
cuhated at 25“, a steady fermentation ensues, 
carbon dioxide being evolved and alcohol pro 
duced in nearly the theoretical ratio, at a rate 
which gradually decreases until the process slops, 
after 72-90 hours, not from exhaustion of the 
sugar, but owing to the destruction of the active 
agent of fermentation In home cases (juice 
from bottom yeasts) the co zymase (p 16) is 
destroyed before the apo enzyme and renewed 
fermentation occurs when co-zymase is added 
The juice from bottom yeasts appears to be more 
stable and to produce a somewhat greater total 
fermentation than that from top yeasts, 25 ■ 

of juice producing on the average at 25“ 

evolution of about 1-1 5 grams of carbon 
dioxide m the case of bottom yeast, and 0 5-1 g 
m the case of top j cast 
The juice ferments those sugars which are 
fermentable by the jeast from which it is pre 
pared and, in addition, dextnn soluble starch, 
and g\j cogen, the first of which is only slowly 
and imperfectly fermented by jeast, and the 
last two not at all, as already explained Malt 
oac and cane sugar are hydrolysed before being 
fermented, and the fermentation proceeds as 
with the simple sugars, glucose, fructose, and 
manno'c Slight differences between the rates 
of fcrmcnlalion and the total fermentations 
proilueeil with these three sugars, have been 
oWrv^ by Harden and \oung A yeast, 
which ferments galactose, yields a luice which 
abo ferments this sugar, but the action is often 
much loss pronounced relatirely to that on 
Elucoc th.o 1. U.,t of tho linog joMt 


andNoms, see also Grant, Biochem J 1939, 

), 1661) 

Yeast juice, like livmg yeast, exhibits the 
phenomenon of autofermentation, which is 
earned out at the expense of the glycOgen 
present A diastatic enzyme, capable of hy 
drolysrag glycogen, exists in the jmee {glyco 
gemte), but it seems probable {see below) that the 
glycogen is fermented without prehmmary 
hydbolysts to glucose Added glycogen is also 
fermented, hut usually at a lower rate and with 
a smaller total yield of gas than glucose The 
autofeimentation of the juice from top yeast is 
often very considerable m amount, and may even 
occasionally equal that produced with glucose, 
whilst It is less pronounced with juice from 
bottom yeast Maceration, juice is almost free 
from autofermentation (see Oppenheimer, Z 
physiol Chem 1914,89,63) 

The rale of fermentation of sugar vanes with 
the concentration cpf the sugar in the mannet 
characteristic of enzymes, and in this respect 
the juice closely, resembles bving yeast After 
a certain small limit of concentration is attained, 
the uutial rate is practically independent of the 
concentration 01 the sugar, but decreases 
shghtly as tbs increases The gradual destruc 
tion of the enzymes produces a gradual fall i» 
rate which simulates the course of a uni 
molecular reaction, and baa been regarded by 
some investigators as evidence that the reaction 
i3orihistype(voD £uler,i5t<f 1905,44,63) In 
creased concentration of the sugar also increases 
both the duration of fermentation and the total 
fermentation, probably owing to a protective 
action on the fermentmg mechanism The 
rate of fermentation is dimimshed hy dilution, 
and, with juice of high fermenting power, is 
probably proportional to the concentration of 
juice The total fermentation produced is, 
at the same tune, shghtly diminished 
Accompanying the decomposition of the 
sugar into carbon dioxide and alcohol, a syn 
thetic action proceeds, by which a portion of the 
glucose is converted into a polysaccharide, which 
13 reconverted into glucose by hydrolysis with 
acid {see Kagamshi, Biochem J 1926, 20, 
856) Hence the observed loss of sugar as esti 
mated by reducing power is usually considerably 
greater than the sum of the weights of alcohol 
and carbon dioxide produced (This pheno 
menon is, however, differently interpreted by 
von Euler , see Harden and Young, tbtd 1913, 7, 
630, where the subject is discussed ) The 
exact nature of this complex saccharide has not 
yet been determined, but observations by 
Cremer (Ber 1899, 32 2062) pomt to the 
possibility of the synthetic production of glycogen 
in yeast juice As already mentioned, snccmic 
acid and fusel oil are not formed by yeast jmee, 
whereas glycerol is produced to the extent of 
about 3 8% of the sugar fermented « 

The action 0/ oiUisepfics on yeast juice has 
been investigated in some detail Saturation 
with chloroform or toluene or the addition of 
1% of thjmol has practically no effect, whilst 
the inhibiting action of substances like phenol, 
formaidehj de, benzoic acid and saheyhe acid 
IS very small m 0 1% solution, more considerable 
uimore concentrated solutions The fermenting 
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po-R-er is destroyed by 4:% chloral, 1-2% phenol, 
2°yo sodium fluoride, 0-55'J^, ammonium fluoride, 
or 1-2% hydrocyanic acid ; but in this last case 
it is restored rrhen the hydrocyanic acid is 
removed by a current of air. The action of 
potassium arsenite is somewhat complex, and is 
treated later. 

FzEHESTAnojf BT Dbt Peepaexxioxs of 
Xeast iSD Feast Juice. Feast juice can be 
evaporated to dryness' at 3” vrithout loss of 
fermenting power as measured by the total 
fermentation produced. When the Juice is 
brought into 10 voL of acetone and rapidly 
drained, washed with ether, and dried, a white 
powder is obtained which is almost completely 
soluble in dilute glycerol, and retains the fer- 
menting power of the original Juice. Dry 
preparations can also be obtained fix)m yeast 
without any previous grinding, either by drying 
the yeast in air, preferably at 37°, or by treating 
it twice with a large volume of acetone (or alcohol 
and ether), washing with ether and drying. The 
material prepared in the latter way amounts to 
about 30% of the pressed yeast taken, and 
fa known as acetone yeast, permanent yeast 
{BauerJiefe) orzymin, and is almost anhydrous, 
sterile and quite* incapable of growth, but 
readily produces alcoholic fermentation when 
brought into sugar solution. The general 
phenomena of fermentation by its means are 
the same as are produced by yeast Juice. Both 
the total fermentation and the rate of fermenta- 
tion are 4-6 times greater than would be 
obtained with the yeast Juice prepared from the 
same weight of yeast. 

Titp. CobbiiIoxs of Acnoir of the Fee- 
HzsrrxG Agext Coxtaixtid ex Feast Juice. — 
The investigation of the mode of action of 
yeast Juice on sugar has shown that the process 
fa very complex. A number of emymes are 
concerned, some of which are readily dissociable 
into thermolabile apo-enzymes and thermostable 
co-enzymes, the presence of both of which fa 
essential for the production of fermentation, 
and moreover, the chemical change fa not a 
simple decomposition of sugar, according to 
Gay-Lussac's equation, but a complicated re- 
action in which hexose esters of phosphoric 
acid take part (Harden and Foung, Proc. Eov. 
Soc. B. 1906, 77, 405 ; 78, 369; 1903, SO, 299; 
1909, 81, 336 ; 1910, 82, 321), and in which a 
number of phosphorylated 3-carbon compounds 
are formed as intermediaries. 

Tttp Co-ExznrES of Alcohouc 
Feehestahox. 

I. Co-zymase (Co-dehydrogenase I). 

When yeast Juice fa passed under pressure 
through a Martin filter, which consists of a 
Chamberland filtering candle impregnated with 
7-10^^ gelatin, all the colloidal matter of the 
Juice is retained on the filter, whilst the dialys- 
able substances pass through. When these two 
portions, the residue and the filtrate, are 
separately incubated with sugar solution, it fa 
found that neither of them fa capable of pro- 
ducing fermentation. When, however, the two 
solutions are mixed, fermentation proceeds at 
almost the same rate as with the original yeast 


juice (Harden and Foung, J. Physiol. 1905, 32, 
Proc. of 12.11.1904; Proc. Roy. Soc. B. 1906, 
78, 369). Feast Juice, therefore, contains a 
dialysable substance essential for the process of 
fermentation, and this was provisionally termed 
the co-enzyme or co-ferment, and was subse- 
quently known as co-zymase (H. von Euler 
and K. Myrback, Z. physioL Chem. 1923, 
131, 179). It fa also present in zymin, from 
which it can be removed by washing with water, 
an inactive residue being left (see later, p. 18). 

Little progress was at first made in our 
knowledge of the nature and functions of 
co-^mase and for many years almost the only 
facts known about it were that it was thermo- 
stable and dialysable, that it was destroyed by 
hydrolysis (acid or alkaline) and gradually 
disappeared from fermenting yeast Juice, and 
that it was not precipitated by normal lead 
acetate. In 1918 Meyerhof made the important 
observation that co-zymase was also present in 
animal tissues (Z. physiol. Chem. 1918, 101, 
165 ; 102, 1), which was the first step towards 
the discovery that the process of lactic acid 
formation from carbohydrate in muscle fa 
chemically closely analogous to the fermentation 
of sugar by yeast- (see later). 

The idea that co-enzymes were necessary for 
the reducing action of yeast and its preparations 
was early mooted by von Lebedev and Graiznov 
(Ber. 1912, 45, 32*56), and was subsequently 
supported by von Euler and his colleagues, who 
also thought that a co-enzyme was concerned in 
the esterification of phoq)horic add (see von 
Euler and Myrback, Z. physioL Chem. 1924, 139, 

: 15 ; 1927, 165, 28). These ideas are now generally 
accepted (see Harden, “-Alcoholic Fermentation,” 
Longmans Green, 4th ed., 1932, for a more 
detailed discussion of these early theories). 

The co-zymase of alcoholic fermentation has 
now been prepared from yeast in a condition 
approaching purity by von Euler (see von Euler, 
Albers and Schlenk, Z- physiol. Chem. 1936, 2-40, 
113 ; von Euler and Schlenk, ibid. 1937, 246, 64), 

! who with his colleagues has published a long 
I series of papers on the subject commencing in 
1 1924 (see the articles “ Cozymase,” by Myrback 
in Fermentforsch. 1935, 2, 139, and by von 
Euler in Ergebn. Physiol. 1936, 38, 1). It has 
also been prepared from red blood corpusdes by 
a different method bv TTarbuig and Christian 
(Biochem. Z. 1936, 285, 56 ; 287, 291) and its 
function in fermentation has been to a con- 
isiderable extent established. The attainment 
!of tbfg result has been greatly aided by the 
discovery of a second co-enzyme (Co-dehydro- 
genase H) fay TTarburg and Christian (Biochem. 
Z. 1931, 242, 206), which was originally pre- 
pared from the red blood corpusdes of the horse. 
It also occurs in yeast, but as far as fa known, 
plays no direct part in alcoholic fermentation 
(see later under “Phosphorylation by Co-zy- 
mase,” p. 39). 

This compound, which fa specifically necessary 
for the dehydrogenation of hexosemono- 
phosphate by yeast preparations with pro- 
duction of a phosphohexonic add, was recognised 
(VTarburg, Christian and Griese, Biochem. Z, 
1935, 282, 157) as a triphosphodinudeotid. 
derived from adenine, the amide of nicotinic 
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acid and two molecules of nbose Its function 
as a co-dehydrogenaso was traced to the fact 
that the pjTidme ring of the nicotinamide 
residue is capable of combining reversibly with 
two atoms of hydrogen 
Co zymase was shortly after this recognised 
as a closely allied substance, a dipbospho 
dinucleotide also denved from adenine, nicotma 
mide and nbose (von Euler, Albers and Schlenk, 
Z physiol Chem 1935, 237, 1, I^arbuig and 
Chnstian.Biochem Z 1936,287,291) vonEuIer 
terms these two co enzymes, co dehydrogenase I 
(co zj mase) and co dehydrogenase H (Warburg s 
co-enzyme) Warburg terms them dipbospho 
pyndmenuclcotide (co zymase) and tnpbospho 
pyridinenucleotide (Warburg fl co enzyme) 
Adenylpyrophosphate (adenosmetriphospbate) 
which was early recognised as the co enzyme of 
lactic acid formation in muscle, also occurs in 
yeast (tee p 35), and is capable of playing a , 
part in some of the stages of alcoholic fermenta 
tion in which phosphorylation and dephosphoty 
lation occur, but cannot activate fermentation 
in the absence of co zymase 
PEEPARATIOy OP Co ZTIUSE FROU YeaST 
Extract — ^The following scheme indicates the 
stages by which co zymase is obtained from 
yeast extract (von Euler, Albers and Schlenk. Z 
physiol Chem 1036 240, 113, von Euler and 
Schlcok. i&id 1937, 246, 64) 

The activity of the preparation (ACo) is 
given by the c c of CO| «r gram of added 
CO zvmase preparation which is evolved under 
fizM conditions from a mixture of washed 
dried yeast (spo zymase), sugar, phosphate and 
bexosedipbosphate, the unit (Co) being that 
weight of co zymase which produces an evolution 
of 1 c e per hour 



\l«ld in 

Co 

Average 

activity 

ACo 

(a) Hot water extract 
&om 10 kg baker s 
yeast 

1,500 000 

500 

(6) Lead acetate ill 
trate from (a) 

I 350000 

5000 

(e) HgNOj ppt from 
(b), decomposed 
with H»S 

076,000 

10,000 

(d) Phosphotnngstic 
acid ppt from (c), 
decomposed with 
HjSO^, amyl 

alcohol and ether 

435,000 

35,000 

(e) AmmomacalAgNOj' 
ppt from (d) de | 
composed with , 

K,S 

429,000 

100,000 

(/) Cuprous salt from 
(«) decomposed 
with HjS, CO 
xymaseppted with 
alcohol 

1 

300 000 

400,000 


The product thus obtained possessed the 
power of acting both as a co-phosphoryUso and 
as a co-dehydrogenase and was found to contam 


ladenjhe acid and other impurities. It is best 
' freed from these by successive treatments with 
I baryta and lead acetate, followed by precipita 
Ition from concentrated solution by alcohol 
I g of the ACo 400,000 product thus yields 

0 29 g of ACo 650 000, which no longer acts as 
I » CO phosphorylase when tested in the ordinary 

1 way (see hier Phosphorylation by Co zymase, 

S 38), but retains the properties of a co 
ehydrogenase In contrast with this 1,000 htres 
of horse blood jueld by the method of Warburg 
and Christian 0 93 g co zymase, 1 13 g co 
dehydrogenase II and 5 g adenylpyrophosphate 
Reduction op Co zymase — ^The pyndme 
ring present as lucotinamide in codehydro 
genase I and II readily takes up hydrogen 
under various conditions — 

1 ^ewrJi6fe Com^irui/ton xnth 2 Atoms of 
Hydrogen — The chemistry of this process was 
first worked out for co dehj drogenase II 
(Vr'arbuig, Christian and Gnese, Biochem Z 
1935, 279, 143, 282, 167), and it has since 
been found that similar conditions apply to co 
dehydrogenase I (Warburg and Christian, tbtd , 
1936, 285, 166 , 286. 811, 287, 291, Adler, 
Hellstrom and von Euler, Z physiol Chem 
242, 225 , von Euler, Adler and HellstrSm, tUd 
1936, 241,239, Svensk Kem Tidskr 1936, 47 
290) 

(a) Reduction by Syposulphle (hydrosulphite, 
Na,S|0^)— The pyridmenucleotides take up 
2 atoms of hydrogen when they are treated 
with Na^SiOi at neutral reaction 
Co-t-NajSjOj-t 2H»0-CoH,+2NaHSO, 
As this reaction results m the production of 
acid It can be used in the presence of NaHCOj 
for the manometne estimation of the degree 
and capacity of hydrogenation of the co enzyme 
(Warburg, Christian and Gnese, I e ) 

The resulting compound (CoH|) is identical 
with that obtained enzymically (see later) and 
IS stable in the air, 80 that when the NaHSO, 
is oxidised by a current of air the CoHj remains 
almost unchanged, but undergoes a slow re 
oxidation at a rate dependent on the pa The 
two hydrogen atoms are, however, rapidly 
remoT^ when the CoHj (however prepared) 
19 exposed to oxygen and a suitable ot)gen 
earner (see later, p 34) 

Ad unstable yellow intermediate compound, 
probably monohydro co zymase (HelktrSm 
Z physiol Chem 1937, 246, 155) is formed 
during the reduction of co zymase by NajS^O^ 
It 13 only stable in alkaline solution and is 
much more readily oxidised than CoHj (Adler, 
Hellstrom and von Euler, Z physiol Chem 1936, 
242 225) 

(6) En.ymic Redue/ion —Co zymase can ho 
reduced enzymically in several different re 
actions (a) the dehydrogenation of alcohol, 
(6) the dehydrogenation of phosphotnose 
(von Euler, Adler and HellatrSm, Z physiol 
Chem 1036 241,230), (c) the dehydrogenation 
of hexosemonopbospbate, with indirect pro 
dnction of pyruvic acid (Itarburg and Christian 
Biochem Z 1930,287,291), (d) the dehydro 
genation of lactic acid (lleyetbof audOhlmeyer, 
Naturwiss 1036, 24. 741 , von Euler, et al 
Ailav Kemi, 5Iin , Ceol 1030,123 Nos 24 and 
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as a CO phospliorylaso (p 38) in a similar manner I 
to aclcnjlpjropliosphato ' 

{4) EUctrometnc Tilralton — When titrated 
clcctromctrically co ijmaso lieha\ca as a mono 
basic acid (von Euler and Sclilenlc, Z ph3miol. 
Chem 1037.246, C») 

(6) Beduction of AlkaUne Ilijpotodtte — Co I 
has strong reducing properties When treated 
n ith alKnhno hj poiodito it reduces thocqunalont 
of C atoms of iodine (MjrbacK, Z physiol Chem 
1935, 242, 225) Tho nature of tins reaction la 
unknown, but it is probnblv connected with 
oxidation of the nieotinamido group (Kairer, 
Sclilcnk and von I ulcr, Arkiv Kcmi, Min , 
Oeol 1030, 12B, No 20, 1) 

After being heated with 0 03 A NaOH for 
a few minutes it reduces only 2 atoms of lodmo 
This IS probably duo to the oxidation of an 
aldehyde group unmasked by removal of tho 
pyridmo group After acid hydrolysis it 
reduces 4 atoms of iodine, a second aldehyde 
group having been unmasked by removal of tho 
adcnmo group (von Euler and Schlenk, Svensk 
Kern Tidakr 1030,48, 135) 

NiTriiAL OcccniiENCi: — It is theoretically 
probable that Co and CoH. exist together m 
equilibrium in cells and cell preparations and 
their reactions with acids and alkalis havo been 
applied to the determination of tho proportions 
of the two substances actually present (Adler and 
von Lulcr, SvenskKcni Tidskr 1030,48,221) 
The principle of tho method is that extraction 
with dilute acid gives tho unreduced (acid 
stable) Co, whilst extraction with 0 01 N 
alkali gives the reduced (all all stable) CoHj 
Preliminary experiments indicate that tho 
ratio Co/CoHi in baker's yeast is about 2, m 
* dried bottom yeast 18-10 and m maceration 
cxtroct about 1 

II Adenylpyrophosphote (adenosmetn 
phosphate) ami its derivatives — It was first 
shown by Lohmann (Biochcm Z 1031,241,60) 
that the readily dialy sable co enzyme of lactic 
acid funnation in muscle extract consisted of two 
ports (a) magnesium, (5) adcnylpyroplioa 
phatc Atienylic acid itself is a nucleotido 
derived from adenine, riboscand plio«phoricncid 
and 13 found in muscle combmev! with o pyro 
phosphoric group forming ndcnylpyrophosphatc. 
for which I ohmann suggests the formula 
(Diochem 7 1035,282, 120) 

OH OH OH 

C,H,N, C,H,0, O [I O fI O [! < 


1. I i 


AOenIne lUboso 

It acts (in presence of the specific apo enzyme) 
as a CO phospliorylaso by losing PO, to some 
acceptor, t q glucose or hcxoscmonophospbatc. 
y Iclding adeny he acid, which recombinca with 
the phosphate from some donator, « g phospho 
pyruvic acid ‘ 

1. Adcnylpyrophosihate + hexosemonophoa 
phate-*ndcnylicacul + hesoscdiplios 
pliate 

2 Adenylic acid + phosphopyruvic acid -► 
adeny lpyroihosphate+ pyruvic acid 


Under suitable enzymic conditions only one 
POj group IS removed and adenosinediphos 
phone acid is formed, which acts as a co phos 
phorylaso in a similar manner to adenylic acid 
Adenylic acid (adcnosinemonophosphate) may 
also act as a PO4 donator yielding adenosine, 
which acta as a PO4 acceptor Tho formation 
of theso substances is discussed later on (p 37) 

III Magnesium Ions — Mg** appears to 
1)0 necessary both for lactio acid formation in 
muscle and for tho fermentation of sugar by 
yeast It cannot bo removed from zymm or 
dned yeast by washing with water, which 
removes adenylpyrophosphato and co*zyroaae, 
but It is removed when the washing is effected 
with KH.PO. solution It appears to he 
necessary for ^losphorylation but not for the 
action of tho dehydrogenases 

IV Manganese Ions — Mn** appears also 
to bocsscntiol cither alone or in conjunction with 
Mg** for tho attainment of a maximum rate of 
phosphorylation, tho concentration required 
being about 0 001% (Ohlmoyer and Ochoa, 
Natunviss 1037, 25, 253) There is still some 
doubt {see p 38) as to the function of both 
Mg and Mn {see idem, Biochom Z 1037, 293, 
338) 

V Co^carboxylase.— Washed zyiumreadily 
decomposes pyruvic acid (Harden, Bioehem, 
J 1013, 7, 214 , Nciiberg and Rosenthal, 
Biochcm Z 1913, 61, 128), but a CO carboxylase 
IS present Tins can bo removed from symin 
by washing with a phosphate solution at pn 
7-8 or from maceration extract by dialysis 
Against NOiHPOi solution (Aubagen, Z 
physiol Chem lOJl. 204, 149. 1032,209,2) 
Co cnrboxylnso has been isolated from boltotn 
yeast in tho crystalline form (Lohmann and 
bchustcr, Naturwiss 1037,25,20, Biochcm Z 
1937, 294, 188), and according to theso outhors 
IS n pyropliosphoric ester of vitamin the 
hydrochloride having tho formula 

Ci,HjiOjN«P,SCI 

It lias been aynthcsiscd chemically m small 
'ywrW bj- ffto action of POC\\ on Cio wtitamv 
(Stem ond Hofer, Science, 1937, 86, 483) and 
enzymically by tho action of dried yeast (washed 
free of co carboxylase) or of tho duodenal mucosa 
of tho pig on a mixture of vitamin Bj and phos 
I)hnto at pji C 7-C 8 (Tauber, Science, 1937, 

86 180 , ««n/»o vonEulcrand Veslin.Naturwiss 

1937.25,410, rctcra,Biochem J 1937,31,2240) 
Tlio orthophosphonc mono ester, produced by 
acid hydrolysis, has no co cnzymio activity 

Inactivatiov or Zvmin and Dried Yeast 
nv Washing 

When dried yeast or zymm is washed with 
water several stages of inactivation can bo dn 
tinguished, tho most important of which are 
tho following (see Sthceman, Proc K. Aksd 
Wetensch Amsterdam, 1929. 82, 420 (No 4), 
1930, S3, 889) •— 

(U The residue produces no fermentation 
with gluco«^> (or fructose) and phosphate, but 
can be reactivated by hydrogen acceptors eg 
^ (Aeuborg and fechwenk, Biochcm 

T ini- ®^'l‘‘hydo8 (llnnlen, Bioebcm 

J iOi7, ll. Cl), methylcue Moo (Stbeeman) 
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(2) A stage is reacted at vtict texosedi- 
ptosptate c-aii te fermented, but not fie hexoses 
e-ren in presence of piospiate (see iIeyerio£ 
“ Die ciemiscten Vorsanse in ilnskel,” 1930, 
p. 163)._^ 

(3) After still more tiorongi n-ashing the 
residne reqnires for actiTstion : (a) a hvdrosen 
ac-ceptor, (p) hexosediphosphate, and (c) cq-zt- 
mase. If a comparatiTely large qnantitT of 
c-o-zymase is present, hexosediphosphate is not 
reqnired. 

(f} If the preparation be -vrashed vrith a 
s-olirtion of KH.PO^ the Tnagnp^TTm is removed 
and sach a residne cannot be activated rmTess a 
magnesrom salt be also added. 

(5) FfnaTIy, vrashing vrih alkaline phosphate 
removes the co^caxhoxylase (p. IS). To fer- 
ment sngarsneh a preparation reqnires herosedi- 
phosphate, adenylpyrophosphate, co-zymase, 
ce-carboxylase and a Mg salt (Lobmann and 
Schnster, Diochem, 2r. JP37, 294, JSS). 

Tht Function of Pr.ospnaies in Alcoholic 
Fenr.er.taiion . — The addition of a soluble 
phosphate to a fermentmg mixture of yeast 
juice or maceration extract and sugar prodnces 
a remarkable eSect. The rate of fermentation 
is greatly increased, gradually attains a maxi- 
mum, and remains at this high value for a 
certain time, after Trhich it rapidly falls until 
it is again approximately the same as before the 
addition of phosphate.' Daring this period of 
enhanced fermentation, the amounts of carbon 
dioxide and alcohol produced exceed those 
nrhich rrould have been formed in the absence 
of added phosphate by an amount exactly 
equivalent to the phosphate added in the ratio 
RjHPO^iCO.-hC-HgO (Harden and Young, 
CEem. Soc. Proc, 1903, 21, 1S9). The pho^hafe 
is, at the same time, converted into a mixture 
of phosphcMjrganic compounds the phosphorus 
of vhiSi is not precipifated by magnesium 
citrate mixture or uranium salts (Harden and 
Young ; Ivanov, Z.physioL Chem. 1907, 50, 2S1). 

It Tras at fir^ thought that only one phos- 
phoric ester vas formed, hexosediphosphate, 
C*H,,0,(P0,H and the reaction trhich 
oecunrf vras formnlated : 


(1) 2CgHi.06-h2R,HP0^^ 

C€HioO^{PO^R,);Y2CO,-T-2C.Hg04-2H 


jO 


It Tvas subsequently fonnd that a mixture of 
hexosemonophosphoric esters CgHii 03 (P 04 Hj) 
vas also produced (Harden and Eobison, Proc. 
Giem. Soc. 1914, SO, 16 ; Eobison, Biochem. J. 
1922, 16, S09) according to the empirical 
ecruatioa (Harden and Henlev, Biochem. J . 
1927. 21, 1216 ; 1929. 23, 230} 

(la) 3CgHi,Og4-2R,HPO^-* 

2CgH^05(P0^R.)-y2C0.-f-2C.Hs0-r2H,0 


It is a remarkable fact that, as the result of 
adding phosphate, the molecular ratio of the 
CO, produced to the phosphate esteriSed re- 
mains approximately constant and equal to 
unity vhatever the relative proportion of mono- 
phosphoric and diphosphoric ester produced 
(Harden and Henley, I.c. ; Eobison and iforgan, 
Hid. 1930, 24, 119: #-:« cJ^oTOnyver and Struyk. 
Proe. K. Akad. Wetensch. Amsterdam, 192S, 
31, SS2) (tic latir, p. 30). 


The proportions in rrhich the mono- and di- 
phosphoric esters are produced vary consider- 
ably rrith the nature of the yeast preparation 
and are infinenced by factors not yet properly 
nndetstood. Thus yeast juice and maceration 
ex tract may produce monophosphoric ester 
varying in amount betsreen 10 and S0% of the 
phosphate esterified; dried yeast and zymin 
nsuaQy produce about 10^30% of mouo- 
phospfaoric ester. The mechanism of tln> 
reaction is discussed later on. 

_ In presence of excess of sugar the esterifica- 
tion proceeds according to a unimolecniar 
reaction, and is most rapid at a faintly alkaline 
I reaction (von Enler and KuDherg, Z. phvsiol. 
Chem. 1911, 74, 15). 

The ex istence of this reaction rendered it 
I probable that phosphates mere essential for the 
: alcoholic fermentation of the sugars by yeast 
I juice and that in their absence no fermentation 
rronld occur. This conchision has been con- 
fiimied in a very striking manner by experiment. 
A mixture of enzyme, co-enzyme, and sugar can 
be prepared vhich contains no more than 
traces of free phosphate or hexosephosphate 
and Very little phosphorus in any form -srhich 
can yield phosphate by enzymic action. Such a 
mixture is almost completely devoid of fer- 
menting poirer, but ferments readily vrhen a 
small proportion of phosphate is added. In a 
particdar case, the phosphate-free mixture 
only gave 1-5 c.c. of carbon dioxide, -uhereas in 
presence of phosphate 132 c.c. vere produced 
(Harden and Young, Proc. Eoy. Soc. 1911, B, 
83,451). As the re^tofthe reaction expressed 
by equations (1) and (la) practically the ■whole 
of the firee phosphate of the juice is converted - 
into hexosephosphates and the fermentation 
should therefore come to a close unless some 
means of regeneration of firee phosphate -were 
provided. It was thought at the time that the 
necessary phosphate was supplied by the 
hydrolysis of the hexosephosphate, which is 
eSected by an enzyme, tenned f.exosephas- 
phala^e, and yields a hexose and a phosphate : 


(2) 


CgHi,0,(PO^R,l 


.4-2H.O 

=C6Hi,064-2R,HP04 


both the hexose and the phosphate thus formed 
enterins auain into reaction (1). It now appears 
that this reaction is only of subsidiary im- 
portance and that the hexosediphosphate is 
fermented -Klthont preliminary hydrolysis (cec 
Idler, p. 21). 

It is now possible to understand the con- 
ditions which prevail in yeast juice fermenting 
ulucose in the presence or absence of added 
phosphate. 171100 the proper or optimum 
amouat of phosphate is added, reactions 1 and 
la proceed at the maximum rate, and this 
rate agbrds a measure of the concentration of 
the fermenting complex present in the juice. 
When an the phosphate has been converted 
into hexosephosphates the rate falls to a low 
level, the so-called normal or basal rate of 
fermentation, which represents the rate of 
fermentation of a mixture of hexosephosphate 
and glucose in absence of inorganic phcfqihate. 

Several minor points remain for con'idcration 
■with recard to the action of phosphate. In the 
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first place, phosphate not only sets up a tempo 
rarjy enhanced fermentation, but also con 
Eiderably increases the total fermentation 
produced, apparently by means of a protective 
action of the hexosepbosphate on the vanons 
enzymes concerned Excess of phosphate pro 
duces a secondary inhibiting effect, and may 
lead to a diminished fermentation instead of an 
enhanced fermentation Excess of arsenate 
and arsenito produces similar effects but are 
much more marked in their action, often leading 
to total inhibition A similar effect is produced 
by many other salts (Meyerhof, Z physiol 
Chem 1918, 102, 185), so that the phosphate 
exerts both a specific action and a general salt 
effect aee Harden and Henley (Biochem J 
1921, 15,312) 

Fructose produces a much greater rate of 
fermentation in presence of phosphate than does 
glucose, and the optimam concentration of 
phosphate is greater in presence of fructose than 
in presence of glucose, as shown by the following 
numbers refemng to 10 c c of yeast juice — 
Optimum eoncentrstlon of Maximum rate offer 

phosphate In terms of a mentation In e c of 
molar aolutlon CO| per S minutes 

Glucose Fructose Glucoso Fructose 


0 034 

0 085 

75 

32 2 

0 012 

0 120 

54 

284 

0 020 

0130 

80 

17 0 

0120 

0180 

10 2 

31 2 


Zymin and dried yeast also react with phos 
phato in a similar manner to yeast juice, but tbe 
rate js not so meatly increased, and tbe effects 
ate not so marhed 

0 / AreenaU — I^hen Na arsenate is 
added to a fermenting mixture of jeost jmee 
and sugar, the rate of production of CO^ and 
alcohol is greatly increased, the maximum rate 
m presence of the optimum cosccatrstioo of 
arsenate (about 10“* Jf) being 5-10 times the 
normal and of the same order as the maximum 
attainable with phosphate (Harden and Yoong, 
Proc Chem Soc 1909, 22, 283 , Proc Roy Soc 
1911, S3I1, 451) This high rate continues for 
a considerable time and there is no equivalence 
between the extra amount of CO, evolved and 
the arsenate added, there is no accumulation of 
hexosephosphates, nor has any hexoseareenic 
ester been isolated (r/ Bruunstein, Biochem Z 
1931,240, CS.itiid 1934,271.285, Brannstcin 
and Levitov, \6td 1932, 252, 5G) A similar' 
but less marked effect is caused by arsenito 
The effect has been traced to a specific accelcra 
tion of the rate of fermentation of hcxosedi 
phosphate (see p 39) Arsenate docs not 
accelerate the fermentation of hexosemono 
phosphate 

The llEXOSzpiiosrnATEs or Febmevtatioh 
The product of fermentation of the bexoses, 
glucose, fructose, mannose and galactose by 
yeast preparations in presence of inorganic 
phosphate u a complicated mixture containing : 
a numlicr of hexosephosphonc esters, and all 
these sugars appear to pcld the same products 
present, la addition to nexosedi 
phosphate, a mixture of the monophosphonc 
esters of glucose, fructose and mannose (Robi 
son. Biochem J 1922,16,809, 1932,26 2191,1 


Robison and Mobgan, ibid 1930, 24 , 119, 
Robison and King, ibid 1931, 25 , 323), some 
times, especially when dned yeast has been 
used, trehalosemonophoaphate (Robison and 
Morgan, »5td 1928, 22, 1277), as well as small 
amounts of phosphopyruvate, tnosephosphate, 
a glycerophosphate, phoaphoglycerate and 
other not jet identified constituents The 
products are best separated by the method of 
Robison and Morgan (Biochem J 1930, 24 , 
119) which consists m removmg the yeast 
protein which is always present by tricnloro 
acetic acid (4%) and then precipitating the 
hexosediphosphate and inorganic phosphate by 
barium acetate and baryta at pn 8 4 Tbe 
bexosemonophosphates and trehalosephosphate 
form soluble barium salts and are precipitated 
from the filtrate by basic lead acetate (For 
other methods of extraction, see Robison, 
Biochem J 1922, 36 809, Neuberg and 
Leibowitz, Biocbem Z 1927, 184 , 489) 

Hexosediphosphate — ^The crude barium salt 
obtamed as described is extracted with 200 
parts of cold water at pn 8 6 The cleat filtrate, 
which IS free from inorganic phosphate, is 
treated with alcohol to incipient precipitation, 
and then heated at 70® m a water bath The 
l^rium salt, which is less soluble m hot than m 
cold water, is precipitated and is filtend off at 
70® and dned at a low temperature over P2O5 
•R tdcuo 

All the metallic salts are amorphous, and the 
magnesium, calcium, banum and manganese 
sal^ which are only sparingly soluble, are more 
soluble in cold than in hot water, and can be 
purified by taking advantage of this property 
The free acid has not been obtamed in the pure 
state, but m solution is faintly dextrorotatory, 
Wd“+ 3 4® It IS decomposed when boiled 
alone or with acids yielding phosphoric acid end 
fructose 

Hexosediphosphate is present in freshly 
prepared yeast juice, in yeast extract and m the 
solution obtained by adding tiichloroacetic 
acid to actively fermenting yeast (see p 40), 
eo that it may be regarded as certain that it is 
present in the living yeast cell 

It IS, however, remarkable that hexose 
diphosphate is not fermented by Lvmg yeast 
This fact was first observed by Ivanov, and has 
been confirmed by Harden and Young, and by 
von Euler and Backstrom, who have also found 
that tho hexosediphosphate accelerates the 
fermentation of glucose by yeast although it is 
not itself either hydrolj sed or fermented 

Constiluhon of Ilexosediphosphortc Ester — 
Ivanov regarded this compound as a tnoaemono 
phosphono ester, CjHj0,(P04H,), but the 
evidence on which this view rests was shown to 
bo unsatisfactory von Lebedev, on the other 
hand, at Erst regarded it as a hexosemonophos 
phone ester, basing this view solely on the 
composition of the phenylhydrazine denvative, 
C.HjNH NH,.H,POiCHj[CH OH], 

C(N,C.He)CH(N,C,Hj) 
which IS the phenylhydrazine salt of a mono 
phosphoric ester of hexosazone Young, how- 
ever, supported the ongmal view of Harden 
and ioung, which is now generally accepted. 
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that the componnd is r. hexosediphosphoric 
ester, C6 Hjo9,(po,h,) j, since analyses of the 
salts agree -vrith this formula ; phosphoric add 
is split OS' during the formation of the phenyl- 
hydrazine derivative, but a hydrazone con- 
taining tvo phosphoric acid groups for one 
molecule of hexose has been prepared. 

Young concluded from his investigations that 
one phosphoric acid group occupied position 1 
in the carbon chain of the sugar. It has now 
been found that on methylation the ester yields 
a mixture of c- and ^-methylhexosedipnosphoric 
c-sters which, ontreatment with bone phosphatase 
to remove the phosphoric groups, gives rise to 
the corresponding a- and ^-methylfructosides. 
These are derivatives of the y-form of fructose 
(frncto-furanose), so that the ester itself must 
also be a derivative of this form of fructose 
(Morgan, Biochem. J. 1927, 21, 675; Morgan 
and Eobison, Biochem. J. 192S, 22, 1270) as 
shown in the formula 

1 CH.-O-POjH. 


2 HO C 



6 CHj-O-POjH. 

It may be concluded from this that the 
second phosphoric group is in position 6, as 
otherwise it would be expected that the pyranose 
form of fructose would be obtained. 

Ferrr.eniciion of Hexotidip'hosphoric Esicr . — 
Yeast preparations can be obtained which con- 
tain so little co-enzyme that they are no longer 
capable of fermenting sugars but stfll ferment 
hexosediphosphate. This led Meyerhof to the 
conclusion that hexosediphosphate could be 
directly fermented without a preliminary 
hydrolysis to hexose and phosphoric acid. This 
condnsion is confirmed by the observation 
(Meyerhof. Biochem. Z. 1927, 183, 176 ; Ray- 
mond, J. BioL CLem. 192S, 79. 637 ; Jlacfarlane, 
Biochem. .J. 1930, 24, 1 0-51} that in the absence 
of co-enzyme arsenate does not produce any 
acceleration in the rate of hydrolysis of hexose- 
diphosphate. It is therefore evident that two 
mechanisms exist for the production of alcohol 
and CO. from hexosediphosphaie : (1) hydro- 
lysis to hexose and phosphoric add, followed by 
fermentation accompanied by partial re- 
esteriScaticsn of the sugar : (2) direct fermenta- 
tion withont preliminary hydrolysis ; this is 
the process which is accderated by arsenate 
(tie p. 39). This second process reqnires the 
presence of co-enzyme, but in much smaller 
concentration than' is needed for the first process. 
In the fermentation of sugars by yeast prepara- 
tions these reactfons probably occur simul- 
taueously and are jointly responsible for the 
regeneration of phosphoric add, but the greater 
part of the change is dne to direct fermentation. 

Htzoserr.or.opfiH^fiOric Es’.vrs . — F or the further 
purification of these the basic lead salts obtained 
as described above (p. 20} are reconverted into 


barium salts which can be precipitated from 
aqueous solution by alcohol. The resnlting 
product (Robison, Biochem. J. 1922, 16, 809; 
Robison and Morgan, Biochem. J. 1930, 24, 
119; Robison and King, J.S.CX 1929, 48, 14; 
Biochem. J. 1931, 25, 323) is a mixture which 
has not yet been completely resolved, but the 
substances described below have so far been 
isolated from it, mainly by fractional ciystal- 
lisation of the brucine salts. 

(1) An aldose ester, nlucosi-G-pho^phoric es'.er, 
the bmcine salt of which is only sparinglv 
soluble in methyl alcohol. The reducing 
power of the barium salt to alkaline hypoiodite 
corresponds to that of the glucose contained in 
it. w hils t to Hagedom and .Jensen’s reagent it is 
about 7S% of this, is 4-20-6° for the 

I barium salt, 4.41-4“ for the fr^ add. It is 
j verj' resistant to hydrolysis by add, apparently 
yielding d-glncose. Bone phosphatase hydro- 
lyses it with formation of both glucose and 
fructose. Bromine oxidises it to a phospho- 
glnconic add, which is converted by phospha- 
tase into d-ginconic add. It yields the same 
phospho-osazone as hexosediphosphorio ester 
and Xeuberg's monophosphoric ester and, 
therefore, contains the phosphoric group in the 
I same xwsition (probably 6) as these compounds. 

! (2) A second aldose ester, manno-stmono- 

\ phosphoric esfer (Robison, Biochem. J. 1932, 26, 
2191). The of the barram salt is -f 3-5°, 

of the free add -f 15-1', it yields a characteristic 
hydrazone and the same phenylosazone as that 
obtained from glucose- and fructose-monophos- 
phoric esters and hexosediphosphorio ester. It is 
therefore probably d-maimose-6-phosphorioester. 

(3) A ketose ester, probably identical with 
the main constituent of Keuberg’s erfer {fruclo- 
•urano;€-&-pho-sphonc ester). This is obtained 
from the more soluble fraction of the brucine 
salt, by precipitation of the barium salt, after 
oxidation of any of the aldose constituent which 
mav still be present by means of bromine and 
barium carbonate. 

(4) In addition to the foregoing the presence 

of compounds of a different type is also indicated. 
When dried yeast, or bottom yeast in presence 
of toluene (Teibel, Z. physiol. Chem. 1931, 139, 
350) (but not yeast juice) fr used for the fer- 
mentation a certain amount of Irehalosemono- 
phosphoric ester is produced (Eobison and 
Morgan, Biochem. J. 1928, 22, 1277). The 
barium salt of this is prepared from the most 
soluble fraction of the mixed barium salts and 
is finally obtained in the crystalline form by 
precipitation with alcohoL It- has no reducing 
power; is 4-132'= for the haiinm salC 

4-185= for the free acid. Bone phosphatase 
hvdrolyses it to trehalose. Hydrolysis with 
acid yields glucose and a glucosemcfnophosphoric 
ester^ the constitution of which has not yet been 
determined. The ester is fermented by yeast 
preparations. 

(o) Another interesting substance, present to 
the extent of 1— 2/o in the crude hexosemono- 
phosphate, gives a green coloration when 
treated with orcinol and hydrochloric acid 
identical with that given by the mannoketo- 
heptose isolated from the Avocado pear by 
Tji Forge (.J. Biol. Chem. 1917, 28, 511). The 
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constitntion of this new eater and that of the i 
non fermentable reducing sugar obtained from I 
it by the action of bone phosphatase have I 
not yet been ascertained, but the sugar la ! 
probably a mixture of a mannoketoheptose with 
other sugars of a similar type (Robison, Mac 
farlane and Tazelaar, Nature, 1938, 142 I14J i 
A similar mixture of mono esters obtamed I 
from muscle (Embden and Zimmermann, Z I 
phjsiol Chem 1927, 167, 114) is known as the' 
Embden ester The phosphoric ester produced 
by the action of autolysed and dialys^ musde 
extract on glycogen (see p 38) is also of a 
similar character This reaction provides a con 
venient method for preparmg the mixed ester 
The formation of these mixtures is probably 
due to the presence of an enzyme (phospho 
hcxomutase) which rapidly converts glucose , 
mannose or fructose monophosphonc ester, 
probably by way of an enolio form common to 
all of them, mto an equihbrium mixture of the 
three, containing about 70% aldose ester and 
30% ketose ester (Lohmann, Biochem Z 1933, 
262 132 , Robison, Biochem J 1932. 26, 
2191) This mixture, onginally termed the 
i?o5ison ester, is so termed through this article, 
but Mejerhof suggests that it should be known 
as the e^uth&rtum ester, and the name Robison 
ester reserved for glucose 6 phosphate The 
fermentation of hezosemonophosphate is dis 
cussed later (see p 30) 

The Ntubtrtf Ester —An ester which is prob 
ably identical with the ketose ester described 
above was obtained by Neuberg (Biochem Z 
1918, 88, 432) by the partial hydrolysis of 
hcxosedipUosphortc ester by boiling for a short 
time with oxalic acid It has for 

the banum salt, +15° for the free acid It 
reduces Hagedom and Jensen's reagent to the 
same extent as the Robison ester, but only 
reacts to a small extent (5-10% of the hexose) 
with alkaline hypoiodite This may possibly 
bo due to the presence of some aldose ester i 
the material used for Its preparation It is 
fructosemonophosphonc ester, which is probably 
frvetofuranose 6 phosphoric ester ' 

A substance which is probably /rticlopyranose 
1 phosphoric ester is found among the products 
of the action of bone phosphatase on fructosedi 
phosphoric ester It is strongly Irevorotatorj 
(calc [a)g|g,, for Ba 8alt=— 39°, for the free 
ester — C2 J°) and is very rapidly hydroijsed by 
acid. JLfor N HCI at 100°=75x 10^* (MacLeod 
and Robison, Biochem J 1933, 27, 286) 

Another laivorotatorj fructosemonopbosphatc, 
—24* (Ba salt) is formed dunng the acid 
h}arol}8is of hexosediphosphate or fructose 
monophosphate Its formation is probably due 
to the migration of the 6 phosphoric acid group 
(Macfarlane and Robison, Enz) molo'^ia, J937, 
4. 125) 

An aldose I phosphate has been obtamed by 
Con and Con (Proc Soc Exp Biol ^fed 1936. 
34 702 , Con, Colowick and Con, J biol Chem 
1937, 121, 465) by incubating washed mmeed 
frog mu«clo m phosphate buffer (see also 

Kendal and Stickland. Chem and Ind 1937,66 
930), and can also bo prepared by the action of 
rabbit muscle extract on glycogen in presence 
of lodoaeetic acid (Kiesshng. Biochem Z 1938, 


421), and fay synthesis from acetobromo 
^ucose (C^n, Colowick and Con, I c ) Evidence 
IS accumulating that this substance is the first 
product of phosphorylation of glycogen and also 
that it can be enzymically reconverted into 
glycogen and HjPOj (see Kiesshng, Naturwiss 
1939, 27, 129, Sch^fFner, tbtd 1939, 27, 195) 
It has no reducing power (Hagedom and 
Jensen , hypoiodite) and is very readily 
hydrolysed by acid to glucose and phosphoric 
acid When added to dialysed muscle extract 
It rapidly passes into an equihbrium mixture of 
hexose 6 monophosphates (Embden ester) 

The [«]o for the Ba salt is +76°, for the free 
acid +120° 

Hxdeolysis of the Phosphoric Esters of 
Febmentatios — The phosphonc acid groups 
of the hexosephosphonc esters, adenyhc acid, 
sulenylpyrophosphate, phosphoglycenc acid, 
phosphopyruvic acid, etc , are removed by 
hydrolysis with acid, according to a unimole 
cular law, at different rates, and this fact has 
been utilised for analytical purposes as well as 
for the identification of the various compounds 
In practice the hydrolysis is earned out with 
A' HCi m a sealed capsule at 100° for a fixed 
time and the amount of inorgaiuo phosphate 
liberated is then estimated (see Lohmann 
Bioebem Z 1928,194,306) Velocity constants 
of the hydrolysis of a number of these compounds, 
are given below 

ftxlO* 

Hexosediphosphate First group 22 0 

Second „ 4 2 

Hezosemonophosphate (Robison ester) 0 2 

Neuberg ester (fructose 6 phosphate) 4 36 

Glucose 0 phosphate 0 26 

Mannose 6 phosphate 0 29 

Fructofuranose 1 phosphate 75 

Phosphoglycenc acid 0 14 

Adenylic acid 2 3 

Adenylpyrophosphate 250 

Pfaospho^bydroxyacetone 33 7 

Phosphoglyceraldehyde 37 5 

Glucose 1 jihosphate 200 

Apfareit Dissociatioh Constants of the 
HEXosEPnosriiATES — The hexosephosphates 
produced in alcohohe fermentation are stronger 
acids than phosphoric acid and their formation 
IS therefore accompanied by a fall m the pu 
of the solution The dissociation constants are 
Pk, 


1 99 6 81 

0 97 6 11 
— 6 12 
0 94 6 11 


1 Phosphonc acid * 

Hexosemonophosphate 
Neuberg ester * 

Embden ester * 

Robison ester ’ 

Hexosediphosphate 

Harden and Young ester ^ 1 48 C 29 

Harden and Young ester, Ist 

group 1 — (6 1) 

Harden and Young ester, 2nd 
group 1 _ (6 5) 

Glucose 1 phosphate * 1116 13 

J Meyerhof BDdSuranyl, Biochem Z 1026 178,427 
1827*84*559’^ flBcher. Proc Soc txp Biol Sled 
J Meyerh^ and Lohmann, J>atnnTlu 1028 14 1277 
Curl, Colowick and Cori J Biol Chem 1037.121, 
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MeytrhoJ s Schtm6 11 oj the Stalionary Phaat (B) (Eeadton of 2 mol glucost) 


1 IM hexosediphosphate ; 


' 1 M phospho 
glyceraldehyde 


i l-JI phospho ') 
dihydroxyacetone | 


1 hi phosphodihydroxy 
acetone 




M phoa 
photnose 


2 hi phosphotnose + 2 II ^Zticoae -f 2 M phoaphortc acid + 2 M acetaldehyde - 
=2 hi 3 phosphoglycenc acid + 2 M bexosemonophoaphate + 2 hi alcohol 


5 2 hi 3 phoaphoglycerio ; 
acid 


: 2 M 2 pboapboglj cenc i 
acid 


fl 2 JI hexosemono + 2 M phosphopyrunc = 2 M pynivjc + 
phosphate acid acid 


M phoapbopyrunc acid-l-SHjO 
M hexosediphosphate 


f 2 31 pyruvic acid— 2COj+2 31 acetaldehyde 

\ 


being coupled with the oudo reduction Four i 
mol of phosphocreatine are thus produced ' 

2 The oxido reduction of 2 mol of pbos 
pbotnose and acetaldehyde, yielding phoapho 
glyceno acid and alcohol is accompaoied m i 
presence of glucose and inorganic phosphate by I 
the phosphorylation of 2 mol of glucose by m I 
organicpDosphatetoformbexosemonopbospbate 
This re<luires co zymase {co phosphorylase and 
CO dehydrogenase) and protein B and is catalyst 
by hezosediphosphate. Hezosemonopbospbate , 
IS thus the pnmary product of esteriAcation of 
glucose Further evidence m support of this 
conclusion IS given m the section on Fhosphoryla 
tion (p 37) 

3 The hexosemonophosphate is concerted 
into hexosediphosphate by transference of, 
phosphate from phosphopynivic acid (This 
requires protem A, Mg(Mn) and odenybc acid 
w other co phosphorylase Uee laJer, p ) 

4 In agreement with Harden and houng’s 
original equation, the products formed from 2 
moi of glucose are 2 mol each of CO. and 
alcoho\+lmol hexosediphosphate The scheme 
shows that it is in the coupled reaction (7), m 
which 2 raol phosphotriose are oxidisW to 
form 2 mol phosphoglyccric acid, that 2 mol of 
inorganic phosphate are estenfied to form 2 mol 
hexosemonophosphate These 2 mol of bexose 
monophosphate are subsequently further esten 
fied to hexosediphosphate by ttansftreijceoftbo 
phosphate of the 2 mol of phosphopyrnvic acid 
resulting from the same coupled reaction The 
COj (2 mol ) arising from the decomposition of 
the pjTuvic acid thus formed is accordingly eqm 
\ alent to the inorganic phosphonc acid 12 mol ) 
which has been estenfied 

It u not yet fully understood why the oxida 
tion of 2 mol of phosphotriose should be coupled 
with the esteniication of precisely 2 mol of 
HjPO, rather than with less or more (rf Need 
ham and Pilbl. Kiochera J 1937, 31. 1837), but 
the reason IS probably to U? sought in the energy 
rebtions ofthe two changes It has been stated 
that In the fermentation of glycogen this relatioa 


does not hold, more phosphoric acid being 
estenfied than corresponds with the CO, evolved 
(P 37) 

3feyerfaof (Biochem Z 1937, 292, 25} eug 
gests that the presence of hexosemonophosphate 
in the products along with hexosediphosphate 
without disturbance of the ratio COJesterified 
phosphoric acid (see p 19) may be explained 
by the transferenco of the phosphono acid of 
some of the phosphopyruvic acid directly to 
glucose, a corresponding amount of bexosemono 
phosphate being left unchanged 

FenuENTATioN OP Hexosemonophosphate 
— ^Tbe experiments of hleyerbof, Kiesshng and 
Schulz (ifitdf 1937, 292, 25) with Warburg and 
Christian s restricted system (p 29) have shown 
that in the mam path of the aJeohohe fermenta 
tion of glucose hexosemonophosphate is pro 
duced by the phosphorylation of glucose by 
motgamc phosphate ^hy way oI ^enyljiyTO 
phosphate) It is then converted into hexose 
diphosphate before being broken down to phos 
pbotnose This takes place by transfer of 
pboaphate from phosphopyruvic acid In Wat 
burg and Christian a ongmal test hexosemono 
phosphate undergoes two reactions the first of 
which 13 catalysed by hexosediphosphate and 
the second of which requires protein A 

(1) 1 Hexosediphosphate (^2 phosphotnose) 

+ 1 Hexosemonophosphate+2 Acetalde 
hyde+HjPOj -efi Phosphoglyccric acid 
+2 Akohol+i Hexosediphosphate 

(2) 1 Hexosemonophosphate + 1 Phospho 

glycenc acid I Hexosediphosphate-r 1 
I’yruvic acid 

The hexosediphosphate m (1) appears to 
remain unaltered hut in fact acts catalytically, 
being broken down and oxidised to phospho 
glycenc acid, whilst a fresh quantity is formed 
fcre the phosphorylation of hexosemonophos 
1*1 the presence of NaF more mono 
phosphate is phosphorylated and hence hexose 
'fuphosphste accumulates When heiosemono 
plwwphate is acted on by unreslncted yeast 
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preparations, a rapid reaction ensues if in- 
organic phosphate is present, part of the mono- 
phosphate being fermented to CO, and alcohol 
and part converted into hexosediphosphate 
(Harden and Eohison in “ Alcohoho Fermenta- 
tion ” (Harden), 1932, p. 139 ; Meyerhof and 
Lohmaim, Biochem. Z. 1927, 185, 113; 

Meyerhof, ibid. 1934, 273, SO ; cf. von Euler and 
Myrback, Annalen, 1928, 464, 56). The change 
has not been very thoroughly investigated, but 
it appears closely to correspond in principle 
nith reactions 1 and 2 above. An analogous 
change is produced by muscle extract. 


In all cases, according to Meyerhof, hexose- 
monophosphate is fermented by way of hexose- 
diphosphate and phosphotriose. 

TmE Main Path of Lactic Acid FoEiiAUox 
nr Mils CHE Extbact. — Many of the reactions 
which are involved in the production of lactic 
acid in muscle extract have been incidentally 
discussed in the foregoing pages. Meyerhof 
sums them up in the following scheme (Ergebn. 
Physiol. 1937, 39, 69) which applies strictly to 
the changes undergone by hexoses, in the absence 
of creatine, in muscle extract to whichhexokinase 
has been added. 


Modified Scheme for ihe Main Path of Lactic Acid Formation. 

2 M. hexosediphosphate ^ 2 M. phosphodihydroxvacetone -> 2 M. phosphoglycerol 

-Fit 

2 M. phosphoglyceraldehyde ->2 M. 3-phosphoglyceric acid 

2 M. 3-phosphoglyceric ^ 2 M. 2-phosphoglyceric ^ 2 M. phosphopyruvic acid 
acid acid 

t 


3a. 

35. 

4fl. 


or 

45. 


1 M. hexose -i- 1 M. phosphopyruvic = 1 M. hexosemono- 1 M. pyruvic acid 
acid phosphate 

1 M. hexosemono- -h 1 M. phosphopyruvic = 1 M. hexosediphosphate -f 1 M. pyruvic 
phosphate acid acid 

1 M. hexose -f 2 M. phosphoric acid -f- 2 M. pyruric acid -f 1 M. hexosediphosphate 

(^ 2 M. phos- = 1 M. hexosediphosphate -r 2 M. phosphoglyceric -f 2 M. lactic 
photriose) acid acid 

I 


1 M. hexosemono- 1 3L phosphoric -r 2 M. pyruiic acid -h 1 51. hexosediphosphate 
phosphate acid 

(^ 2M. phos- = 2 M. hexosediphosphate -f 2 M. phosphoglyceric -f 2 M. lactic 
photriose) acid acid 


Creatine, as already explained, acts in presence 
of the adenylic acid system as a phosphate 
acceptor, and as such it can replace the hexose 
in reaction 4a. (For a detailed discussion of 
lactic acid formation in muscle, see Pamas, 
Ergebn. Enzymforsch. 1937, 6, 57.) 

Initial Phase of the Fermentation . — Before 
reactions t], S, 8, ( (p. 30) can take place at the 
maximum rate, there murt be a sufficient supply 
both of phosphotriose, derived from hexos^- 
phosphate, and acet^dehyde. As these are 
produced at a late stage of the reaction in the 
stationary phase (equations 6 and 0 there is 
an initial phase . during which the supply of 
these substances and the rate of fermentation 
gradually increase. 

Phosphoglyceric acid, from which the acet- 
aldehyde is derived (equations 6, 6 and C)» is 
form^ from phosphotriose by dismutation 
and the dismutation is accompanied by the 
esterification of a molecule of glucose first to 
hexosemonophosphate and then to hexosedi- 
phosphate. This reaction was formulated by 


Meyerhof and Eaessling (Biochem. Z. 1933, 267, 
313) and embodied in their first scheme of fer- 
mentation {ibid. 1935, 281, 249) as follows : 

A. Glucose -f hexosediphosphate -f- 2H3PO4 
->■ [4phosphodihydxoxyacetone ->4phos- 
phoglyceraldehyde] -> 2 a-phosphogly- 

cerol-t-2 phosphoglyceric acid. 

It has now been further analysed into reactions 
a, jS and y of MeyerhoPs Scheme H for the initial 
phase of the fermentation (see Meyerhof, 
Ergebn. Physiol. 1937, 39, 65). 

The phosphoglyceric acid is then decomposed 
according to reactions S and c (p. 32). 

The phosphoglycerol simultaneously produced 
takes no ffirther part in the reaction, but is 
rapidly hydrolysed by the glycerophosphatase 
present and is the source of the glycerol which 
was first observed among the products of fer- 
mentation by Pasteur. 

These reactions (a, )3, y) continue until suffi- 
cient acetaldehyde and phosphotriose are being 
produced for the reactions of the stationary 
phase to proceed at the maximum rate. As soon 
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Mtijtrho} a Scheme II of the Initial rhaae (A) {RexicUon of 2 mot glucoae) 


2 M heiosedi ^ 
phosphate 


2 II phoaphoglycei 
aldehyde 
+ 

2 M phosphodihydroxy 
acetone 


S M phoflphodihydroxy 
acetone 


4 M phospho 
tnoso 


^ 1 M phosphoric acid + 1 M glucoae + 2J.t phospbotriose 

M hexosemonophosphato + 1 M phosphoglycciol + I M phoaphoglycertc acid 
y 1 M phosphoric acid + 1 M hexosomonopbosphato + 2 M phosphotnose 
=1M hcxoacdiphoaphale + IM plvospho^Iyceiol + IM pKoaphoglycenc acid 


_1 


S 2 M 3 phoaphoglyccnc : 
acid 


2 M phosphopyruvic - 
acid 


1 2 fit 2 phoephoglyceric s 
acid 


1 fit glucose 


s 2 M phosphopyniTio acid + 2 H 2 O 


1 M hoxoBcdiphosphato + 2 M iiynivic acid 


2 fit acetaldehyde 


as thu is the case, the fermentation passes com 
plotely into the stationary phase and the further 
changes appear to be cITected entirely by re 
actions «, yj i, 0, i Fhosphoglycorol ceases 
to ho produced, irhilst the hexoeedipbosphato 
(which IB mixed with monophosphates) accumu 
latcs as shown m equation 6 
Period of Induction —During the initial phase, 
the velocity of fomentation gradually increases, 
sometimes very slowly, until the rate correspond 
uig with the stationary phase is reached A pro 
longed period of induction is frequently observed 
with maceration extract (von lebcdcv, Ann 
Inst Fostour, 1012, 20, 8) and with zymm or 
dried yeast suspended m a largo volume of sugar 
solution {see Harden, ‘ Alcoholic Fermentation,’ 
1011, p 40} This period is abolished by the 
presence of very small amounts (0 2 miUimolo 
culcs) of hcxoscdiphosphato (fileyerbof, Z 
physiol Chem 1018, i(fz, 18fi), of substances 
which readily lead to its formation, such as 
adenjlpyrophosphato («<e Ohlmcycr, Biochem 
Z 1030 287, 225), or of the intermediate pro 
ducts of its decomposition, phosphoglyccne acid 
(Lipmann, ibid lOSl, 274 412) and phospho 
pyruTicacid (Meyerhof and Kiessling ifiid 1035. 
280. 09} Hence no prolonged induction penod 
is observed with yeast juice in which, in contrast 
to ubat happens in maceration extract, these 
substances are produced by the autofermcntation 
which is alway s going on (5re also on this sub 
ject Harden and filacfarlane, Biocbcm J 1028, 
22,780, Katagiriand\amagashl tbid 1020,23, 
CM, Patterson. ifitrf 1031,25,1603, Raymond 
and I^vene, J Riol Chem 1028, 79 621, 
ilsyer, Biocbem 7 1027, 188 313, Nilsson, 
Arklr Kemi film . Gcol 1030, 10. A, No 7) 

The period of gradual rise in the velocity of 
fermentation (Carsnstieg) which occurs when 
a pboephato u added to yeast preparations 
and sugar is one in which a similar increase 
of the rate of production of phospbotriose and' 


acetaldehyde occurs Its duration is greatly 
diiDiaishcd m the presence of acetaldehyde and 
other reducible substances (Harden and Henley, 
Biochem J 1020,14,042, 1021, 15, 176) which 
I act, as suggested by Neuberg, as bvdrogen 
acceptors Ibis is probably the eocplanation 
of the stimulating oitoct on fermentation of 
many reducible substances which has been 
observed by Neuberg and his colleagues (Bio 
ehem Z 1018, 88. 145, 1020, 101, 230, 278, 
109.200, 1021, 120,216) 

Oxldo Reduction and Phosphorylation 
In the foregoing scheme no refcrcnco is mado 
to the mechanisms of the reactions Two of the 
processes involved have received much atten 
tion , (a) the transfer of hydrogen in the oxido 
reductions which occur , (5) the introduction of 
phosphoric groups into the sugar molecule 
roNOTion OF Co aYsia9E(Co dfiiydrooekasb 
I, CoJ IN THE Reduction of Acetaldeiiydf 
AND Oxidation or PiiospiioTniosE 1 The 
Ileieraible Action of Alcohol Dehydrogenase — 
It con readily bo clcmonstratcd by the use of 
punhed CO zymase that the reaction between it 
and alcohol only occurs in presence of a specific 
apo dehydrogenaso (prepared from yeast) and is 
reversible, the equilibnum being far to the left 
of the equation given below 

Co+alcohol CoHj+acctaldchydo 
Acetaldehyde m presence of CoHj will therefore 
bo almost completely reduced to alcohol, and it 
IS this reaction wbicu is responsible for the pro 
duetion of alcohol in alcoholic fermentation 
The change in the CoHj can bo followed ex 
pcnmentally by measurement of the extinction 
coeflinent (von Fuler, Adler and HcUstrdm, 
7 physiol Chem 1030 241, 239 . Warburg and 
Chrutian, Biochem Z 1036,286 81, 287,201) 
This reaction can also be demonstrated visually 
because the CoHj fluoresces brilliantly in ultra 
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violet radiatioii. The addition of alcohol to a 
Eolntion containing eo-dehydxogenase I and its 
apo-dehrdrc^enase and exposed to nltra-violet 
rays (S-tO mp) is followed by fluorescence of 
the solution. Subsequent addition of acetalde- 
hyde removes the 2 atoms of iydrogen fiom 
almost the whole of the CoH, and the fluores- 
cence ceases, provided that the apo-dehydro- 
genase is still present, but not if it has been 
inactivated by heat.. 

The constant of equilibrium is independent 
of the concentration of the enzyme but varies 
greatly with the (K=7-Sxl0-* at 6-4; 
0-S X 10^ at ^ 7-7). This is because the rate of 
dehydrogenation of alcohol is at its Tnavimnni 
at pg S whereas the rate of hydrogenation of 
acetaldehyde is at its mavimTim at pg 6-6-4. 

2. Phospholrio-se Dehydrogenase , — The function 
of co-zymase in the dehydrogenation of phos- 
photiiose and in the dismntation of this sub- 
stance to phosphoglyceric acid and phospho- 
glycerol has not been so thoroughly studied as 
its function in the alcohol-acetaldehyde reaction 
because the specific apo-dehydrogenase is difS- 
cult to obtain free from other apo-enzymes. It 
has, however, been investigated by experiments 
in which the hydrogen taken up by the Co Jfrom 
the substrate is transferred from the resulting 
(7oH, to Methylene Blue. This does not occur 
directly, but probably in the main by way of 
the enzyme diaphorase (von Euler, see. p. 346) 
and only to a smaller extent by way of VTar- 
burg's fiavin enzyme. These enzymes have the 
property of taking up 2H from the CoHj and 
transferring it to the Methylene Blue, which is 
thereby decolorised. It has thus been found 
(von Euler and Adler, Atkiv Kemi. 3Iin., Geol. 
1936, 12, B, Xo. 16) that in a mixture containing 
apo-dehydrogenase (alcohol precipitate from 
yeast maceration extract ; von Euler and 
Adler, Z. physioL Chem. 1934, 226, 195, 205), 
co-zymase, diaphorase, phosphate buffer of pg 
7-6 and Methylene Blue, rapid decoloration 
occurs when phosphoglyceraldehyde is added, 
but only when co-zymase and diaphorase (or 
flavin enzyme) are present. 

Dismviaiion of Phospholriose to Phospho- 
glyceric Acid and Phosphoglycerdl {Glycerophos- 
phoric Acid ). — As already explained (p. 316), this 
change is only of importance in the processes of 
alcoholic fermentation and lactic acid production 
in the initial stage and is replaced by the oxido- 
reduction of phogihotriose and acetaldehyde 
(or pyr uvic acid) as soon as sufficient of these 
compounds is being produced for the establish- 
ment of the stationary phase in which acetalde- 
hyde (or pyruvic acid) acts as a hydrogen 
acceptor. The reaction may be formulated as 
follows (Adler and Hughes, ibid. 1938, 253, 71), 
the transfer of hydrogen being effected as in the 
case of the alcohol dehydrogenation by way of 
the reversible change Co ^ CoH,. 

(а) Phosphotriose (phosphoglyceraldehyde) 

-i- Co-phosphotriose — apo-dehydrogenase 
^ Phosphoglyceric acid -f CoH^ - phos- 
photriose — apo-dehydrogenase. 

(б) Phosphotriose (phosphodihydroxyacetone) 

-r Co H 2 - phospho^yccrol- apo-dehydro- 
genase ^ Phosphoglycerol-rCo-phospho- 
^ycerol-apo-dehydrogenase. 

voL. y. — 3 


Different apo-dehydrogenases but the same co- 
dehydrogenase (co-zymase) are required for the 
two reactions. Evidence in support of this inter- 
pretation of the facts is that an extract can be 
prepared from brain which can effect the oxida- 
tion of phosphotriose to phosphoglyceric acid, 
but not its reduction to phosphoglycerol (absence 
of phosphoglycerol-apo-dehydrogenase) or the 
oxido-reduction of phosphoglycerol and pyruvic 
acid (Adler and Hughes, l.c.). In such an extract 
the presence of the phosphotriose dehydro- 
genase can be demonstrated by the reduction of 
Methylene Blue when diaphorase (p. 34) is 
added and the production of CoH j (Eq. a in the 
scheme on p. 336) can be demonstrated spectro- 
scopically. In muscle extract which contains all 
thr^ dehydrogenases the CoH, is rapidly 
dehydrogenated and cannot be detected spectro- 
scopically. 

It has been already stated that in all these re- 
actions it is the complex of co-dehydrogenase 
and apo-dehydrogenase which reacts with the 
substrate. 

In contrast with this “ two enzyme theory ” 
of the mechanism of this reaction, is the opinion 
held by Green and his colleagues (Dewan and 
Green, Biochem. J. 1937, 31, 1074; 1938, 32, 
626; Green, Xeedham and Dewan, ibid. 1937, 
31, 2327 ; Straub, Corran and Green, Xature, 
1939, 143, 119), who consider that the dismuta- 
tion is effected by a single enzyme, phospho- 
irioS^mutase, which probably has two active 
centres. 

The experiments of Quastel and Wheatley 
(Biochem, J. 1938, 82, 936) on the enzymio 
reduction of K ferricyanide by various sub- 
strates in presence of muscle extract afford very 
strong evidence against the existence of specific 
mutases for these reactions. 

3. Oxido-Eediiction of Phosphoglyceraldehyde 
and Acetaldehyde . — The question of the enzymic 
transference of hydrogen from phosphoglycer- 
aldehyde to acetaldehyde in presence of co- 
rymase Co I was studied (von Euler, Alder and 
Kyrning, Z. physiol. Chem. 1936, 242, 215) by 
exarnining various apo-dehydrogenase prepara- 
tions from yeast by means of the Slethylene Blue 
technique for their ability in presence of co- 
rvmase to activate alcohol, phosphotriose and 
hexosediphosphate. It was thus found that 
different apo-dehydrogenases are required for 
the reactions with alcohol and phosphotriose. 
Hexosediphosphate only reacts in these con- 
ditions when zymohexase (aldolase) is present, 
which produces phosphotriose from it enzymi- 
callr. 

An apo-dehydrogenase specific to the alcohol 
reaction and inactive towards phosphotriose can 
be prepared by antolysiug bottom yeast in 
presence of ethyl acetate and partially precipi- 
tating with alcohol A solution of this precipi- 
tate water is then treated with 3 vol. saturated 
ammonium sulphate solution and the precipitate 
dissolved in water and dialysed. An apo-de- 
hvdrogenase for the phosphotriose reaction has 
so far been obtained only as a mixture with the 
alcohol-apo-dehydrogenase. 

In the light of these experiments von Euler 
(Ergebn. Physiol. 1936, 38, 1 ; von Euler, Adler 
an(f Hellstroni, Svensk Kem. Tidskr. 1935, 47, 
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290, Z phjBiol Chem 1936, 241, 239) 8ug 
geated ttattheoxido reduction of phosphotnose 
and acetaldehyde to phosphoglycenc acjd and 
alcohol might take place m the following stages 
D'f IB the apo dehydrogenase epecifio to phos 
photnose, that specific to alcohol, R CHO 
isphosphotnose, F flavm enzyme, co zyma8e(Co) 
is the dissociable prosthetic group of both of these 
apo dehydrogenases and is distributed between 
them 

1 R CHO+H,0+DtCo 

^ R COOH+DTCoH, 

2 DTCoH,+ F ^ DTCo+FHj 

3 D^Co+FH, ^ DiCoH,+ F 

4 DiCoH.+ CH.CHO 

^ DtCo+CHjCH,OH 
The interrention of the fiann enzyme is not 
accepted by all workers (see Warburg, Die 
Umschau, 1938, Heft 2), and in view of later 
work its place should perhaps be taken by 
diaphorase (see below) 

OxiDO Redcctiov or Phosfqotbiosb and 
PYR imo Acid — ^The changes which occur m 
lactic acid formation m muscle extract may 
probably be formulated in a similar manner to 
those m yeast preparations just desenbed, sub 
stitutuig pyrunc acid and lactic acid for acet 
aldehvde and alcohol Co zymase and two apo 
dehydrogenases appear to be involved — ^pbos 
photnose — and lactic — apo dehydrogenase 
OxiDO Reduction or Phospiiooltcbsol and 
Pybuvio Acid, yielding phosphotnose and lactic 
acid, IS of importance m the process of tactic acid 
formation in muscle extract and u to t>e formu 
lated on similar lines to the oxido reduction of 
phosphotnose and pvTunc acid, co zvmsso and 
two distmct apo dehydrogenases — phospbogly 
cerob— and lactic — apo-dehydrogenaaea — bet^ 
mvolved (see Adler, von EuJec and Hughes, Z 
ph^iol Chem 1038,252,1) 

The reactions which occur in yeast propara 
tions are snmlar to those which occur m muscle 
extract, but os already explained (p 3), pbos 
xot sppsar tj> reoct mSk, 
acetaldehyde but is rapidly hydrolysed with 
formation of glycerol and phosphonc acid (see 
Adler and Gunther, «bid 1938, 253, 143) 
DiAPnORASE — >((7reen s eo enzyme factor ) 

The dehydrogenation of CoHj cannot be 
directly effected by such hydrogen acceptors as 
Methylene Blue or molecular oxygen, bnt pro 
ceeds by way of a specific enzyme which is 
present m muscle extract and is termed dia 
phorase by von Euler, co enzyme factor by 
Green (Adler, von Euler and Hellatrom, Arkiv 
Kemi, Min , Geol 1037, 12, B, No 38, Adler, 
von Euler and Hughes, Z physiol Chem I93S. 
252, 1 , Dewan and Green, Mature, 1937, 140 
1097, Green, Dewan and Leloir, Biocbem J 
1937, 31, 76) Ilj specific function is to transfer 
the hydrogen of CoHj to cytochrome orMethy 
lene Blue, etc AcconJingtoSfraub, CSiOTanaod 
Green (Nature. 1939, 143, 119) it is a flavopio 
tern, found also m heart muscle (Straub, t&id 76), 
the prosthetic group of which is a fiann adenine 
dinncleotide Marburg s ytUow en-yme, which, 
is a flAvoprotcin. the prosthetic group of which 
u phospholactoflavin (phospho-C 7 di methyl 
O-drnbitylKoaUoxarme, #ee Karrer and 


Meerwein, Helv Chim Acta, 1936, 19, 264) 
discharges a similar function, but is much less 
efficient than dia phorase 

Another enzyme of analogous properties' 
(distinguished as dtaphorase II) is present m 
many ammal tissues and dehydrogenates Co II H, 
and transfers the hydrogen to Methylene Blue or 
cytochrome (Adler, von Euler and GUnther, 
Nature. 1939, 143, 641] 

Function of Co zymase in Lactio Acid 
Foemation in Muscle Extbaot — Until re 
cently no expenmental evidence had been 
obtained of the intervention of a co dehydro 
genase in the production of lactic acid in muscle 
extract, although the nature of the changes 
involved (oxido reduction of pyruvic acid and 
phosphotnose yielding lactic acid and phospho 
glycenc acid) rendered it probable, from analogy 
with alcoholic fermentation, that such a co 
enzyme was present Dialysed muscle extract 
{+adeuylic acid+Mg) converted glycogen into 
lactic acid without the addition of a dehydro 
gena&e (see Lobmann, Biochem Z 1931, 241, 
50) Very prolonged dialysis irreversibly m 
activated the enzymes so that the faculty of 
converting glycogen into lactic acid could not 
bo restored 

It has since been found (Meyerhof and OhI 
meyer, Naturwiss 1936,24,741, Biochem Z 
1937, 290 334) that prolonged dialysis of muscle 
extract (36-48 hours) renders it incapable of 
brmgins about the oxido reduction of pyruvic 
acid and phosphotnose (or of hexosediphosphate 
lo presence of zymohexase] either alone or in 
preeence of adenylic acid and magnesium The 
addition of ro zymase restores the activity com 
pletely As little as 0 4 ^ of a 40% actire 

CO zymase ’ restored 10% 6 jig 50% and 
160 /ig the whole of the original activity All 
these expenments were earned out m presence 
of NaF to prevent the further decomposition of 
the pho^hoglycenc acid 

von Euler and his colleagues (Adler, von 
Euler and HellstrOm, Nature 1936, 138, 968, 
F-jo Ei’.lftr, Aiklpj" GxaikeJi Jfjia!?.’, 

Mm, Geol 1936, 12, B, No 31 , von Euler, Adler, 
Gunther and Hellstrom, Z physiol Chem 1937, 
245, 217) have confirmed these observations 
and have also shown by direct spectroscopic 
measurements that Co and GoHj take part 
(a) m the reversible action of heart muscle 
dehydrogenase on lactic acid, for which a 
CO enzyme was known to b® necessary (ef 
Green and Brosteaux, Biocbem J 1936, 30, 
1489), (5) jn skeletal muscle extract in the 
reversible dehydrogenation of lactic acid and 
in the reduction of phoaphoglyceraldeliyde to 
phosphoglycerol 

Phosphorylation 

1 PnOSFnOBYLATION BY THE ADENYUO 
Acid Sibtem in Lactio Acid Foemation — 
After Lehmann’s (Biochem Z 1931, 237, 445) 
discovery that the readily dialysable co enzyme 
of lactic acid formation id muscle extract 
consisted of two parts (see p }8b) (a) 

magnesium, (t) adenylpvrophosphate (adeno 
ainetnphosphate) it was early suggested 
(3Ioyerhof and I,ohmann, Naturwiss 1931, 
19,375, Biochem Z 1932, 253, 431) that the 
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esterification by pliosphoric acid (phosphory- 
lation) which precedes the decomposition of the 
carbohydrate in lactic acid formation is accom- 
panied by a partial dephosphorylation of the 
adenylpyrophosphate, which is resynthesised in 
the farther course of the reaction. Evidence 
that this was actually the case gradually accu- 
mulated (for reference to early instances of this 
kind, see Meverhof and Kiesslinsr. Biochem. Z. 
1935, 283, 106). 

The next positive step was made by Lohmann 
{ibid. 1934,271, 264).jwho showed that in dialysed 
muscle extract phosphoric acid groups were 
transferred from phosphocreatine to adenylic 
acid yielding adenylpyrophosphate and creatme : 

2 Phosphocreatine-r Adenylic acid 

-> 2 Creatine-f Adenylpyrophosphate. 

The next important advance was made by 
Pamas and his colleagues. Pamas was led to 
these investigations by observations on the pro- 
duction of ammonia in muscle pulp. The origin 
of the ammonia was traced to the action of a 
specific dtaminost on the adenylic acid formed 
by the partial dephosphorylation of adenylpyro- 
phosphate by a phosphatase, present in the 
musde ; the adenylpyrophosphate itself is not 
attacked by the deaminase : 

Deaminase 

Adenylic acid >■ Inosinic acid-fNHg 

When conditions were favourable for the re- 
eynthesis of adenylpyrophosphate from the 
adenylic acid, the liberation of ammonia ceased. 
(For a general account of this work, see Pamas, 
Elin. Woch. 1935, 14, 1017; Ergebn. Ensym- 
forsch. 1937, 6, 57.) 

Pamas and his colleagues (Pamas and Ostem, 
Xature, 1934, 134, 627; Pamas, Ostem, and 
Mann, Biochem. Z. 1934, 272, 64; 1935, 275, 
74) found that when adenylpyrophosphate was 
-added to muscle pulp poisoned by iodoacetic 
acid, the adenylpyrophosphate was decomposed 
and deaminat^ ; scarcely any phosphoric acid 
was liberated, but, as judged by the rate of 
hydrolysis of the products by A-bfCl at 100, 
hexosediphosphate was formed. Hence the 
change which had occurred was presumed to be 

Adenylpyxophosphate-r glycogen 

■ -s- Adenylic acid-r Hexosediphosphate 

Adenylic acid -> Inosinic acid-^ N H3 

The decomposition of the adenyh'c acid under 
these conditions was stopped by the addition of 
phosphoglyceric acid, and adenylpyrophosphate 
and phosphocreatine were then found to be 
present. Hence it was presumed that the phos- 
phoric group of phosphoglyceric acid, or of 
some closely related derivative (subsequently 
found to be phosphopymvic acid, Pamas, 
Ostem and ilaim, Biochem. Z. 1935, 275, 163), 
was transferred to creatine and adenylic acid. 
Whether the phosphorylation of creatine was 
direct or indirect was not at first determined, 
but this information was subsequently supphed 
independently and almost simultaneously by a 
number of workers (Ostem, BaranowsM and 
Eeis, ibid. 1935, 279, 985 ; Lehmann, ibid. 1935, 
281, 271 ; Meyerhof and Lehmaim. Eaturwiss. 
1935, 23, 337 ; Xeedham and van Heyningen. 


Biochem. J. 1935, 29, 2040 ; Hature, 1935, 135, 
5S5), who found that adenylic acid was essential 
for the change, whereas creatine alone had no 
effect and was not phosphorylated unless 
adenyh’c acid were present. 

(1) 2 Phosphopymvic acid-f Adenylic acid 

2 Pymvic acid-f Adenylpyrophosphate. 

(2) Adenylpyrophosphate-r2 (hoatine 

-> Adenyh'c acid-i-2 Phosphocreatine. 

Reaction 2 is the reverse of Lohmann’s reaction 
and it appears that the reaction is reversible, an 
equilibrium being in all cases attained. 

The importance of the observations made by 
Pamas and his colleagues lay in the fact that 
they proved that the adenylpyrophosphate was 
reconstituted during the glycolysis from the 
adenylic acid formed at another stage of the 
decomposition {see equations 1 and 2, p. 186). 

Phosphorylation and Fermentation of Hexoses 
in Muscle Eatract. — •'MusHe extract, prepared by 
extracting rabbit or frog muscle in the cold with 
water or KCI solution, rapidly converts gly- 
cogen into lactic acid in presence of phosphate, 
hexosephosphoric esters, chiefly the diphos- 
phate, accumulating as in the alcoholic fermen- 
tation of glycogen by yeast preparations (p. 366). 
The extract only attacks the fermentable 
hexoses slowly, but in the presence of a thermo- 
labile activator {hexoHv.ase), obtained firom auto- 
lysed yeast by precipitation with alcohol, it 
rapidly converts added hexoses in the presence 
of phosphate into lactic acid (Meyerhof, Bio- 
chem. Z. 1927, 183, 176). Hexokm^e has been 
found to be an apo-phosphoryJase, capable of 
catalysing the transference of phosphate from 
adenylpyrophosphate to the hexoses, with for- 
mation ' of hexosemonophosphate (ileyerhof, 
Matunviss. 1935, 23, 850), which is readily 
attacked by the musde enryme. 

PnOSPHOETLiTIOX BT THE AdEXTEIC AcTD 

StstEH IX Alcoholic Feemextatiox. — ^Adenyl- 
pyrophosphate has been isolated from yeast in 
the pure state Wagner-Jauregg, Z. physiol Chem. 

1936, 238, 129 ; see also von Euler, Adler and 
Petursson, Svensk Kem. Tidskr. 1935, 47, 249). 
It probably occurs in firesh yeast in the form of 
diadenosine-o-o'-tetraphosphorio acid (Meyerhof 
and Hiessling, Haturwiss. 1938, 26, 13). The 
adeninenucleotide (yeast adenylic acid) formed 
bv the hydrolysis (enzymic or otherwise) of 
yeast nucleic acid is adenosine-3-phosphoric acid 
and has no co-enzymic activity. It is rapidly 
hvdrolysed by a phosphatase present in yeast 
to form adenosine and phosphoric acid. This 
adenosine is converted into adenosine-S-phos- 
phoric acid (musde adenylic add), not the 
original 3-phosphoric acid, by treatment in 
presence oT yeast extract with hexosediphos- 
phate and phosphoric add (oxido-reductive 
phosphorylation) or with phosphoglyceric add. 
(Ostem and Terszakowee, Z. physiol. Chem. 

1937, 250, 155; Ostem, Baronowski and 
Terszakowee, ibid. 1938, 251, 258; Ostem, 
Terszakowee and St. Hubl. ibid. 1938, 255, 104.) 

It was shown independently and almost simul- 
taneously by Lutwak-Mann and Mann (Biochem. 
Z. 1935,' 281, 140) and, less definitely, by von 
Euler and Adler (Arkiv Kemi, Min., Geol. 1935, 
12, B, hfo. 12) that adenylic acid added to yeast 
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preparations played essentially the same part 
as in muscle extract in the transference of the 
phosphate group from phosphopjruvic acid to 
glucose The former workers by the use of a 
fixation method, demonstrated the production 
of pyruvic acid m the reaction They also 
showed that when added to hexosediphosphate 
in yeast maceration extract adenylic acid was 
converted mto adenylpyrophosphate and con 
versely that the pyrophosphate added to glucose 
yielded hexosediphosphate 
Adenylpyrophosphate+glucose ^ adenyhc acid 
-J-hexoseiphosphate 

This last reaction they regarded as the startup 
point of alcohohc fermentation 
According to Ostern and his colleagues Qe) 
muscle adenyhc acid may function in the trans 
fer of phosphate groups in yeast preparations 
either by cyclic conversion into adenosine, or by 
being further phosphorylated to adenosmedi 
phosphoric acid and adenosinetriphosphonc acid 
(adenylpyrophosphate) In muscle extracts the 
dephoaphorylation of adenylpyrophosphate does 
not proceed below the adenosinemonophosphate 
(adenylic acid) stage and under some conditions 
only goes as far as adenoamedipho^boric acid 
(see hleyerhof, Schulz and Schuster, Biochem Z 
1937, 293 309) Under suitable conditions 
adenosine, adenosmephosphonc acid and adeno 
einediphosphoric acid can all act as phosphate 
acceptors, the mono , di and tri phosphoric 
acids as donators 

PnOsPROBYLATIOV BY lUOBOaNIC PhOSPIUTB 
— ^AU the cases of phosphorylation so far coa 
sidered have involved the transference of phos 
phate from one compound to another without 
any increase in the total amount of combined 
phosphorus There are several reactions how 
ever, in the processes of alcoholic fermentation 
and lactio acid formation by preparations of 
yeast or muscle in which inoi^anic phosphate is 
estenfied 

1 Pfiosjjfioroli/siS of Olyeogtn A In Mvsde 
Extract — ^^^len glycogen and morgamc phos 
phate are added to muscle extract which baa 
been submitted to autolysis and dialysis gly 
cogen and inorganic phosphate disappear and 
hexosemonophosphato (Embden ester) is formed 
(Ostem Guthke and Terszakowee, Z physiol 
Chem 1930 243 £>) The method maybe used 
for the preparation of hexosemonophosphate 
but unless care is taken the product may contain 
glycogen The addition of edenylpyropbos 
phate or phosphocreatine is not required for the 
reaction, and under the foregoing conditions it 
only occurs with glycogen and not with glucose 
or fructose 

Pamas (see Ergebn Enzymforsch 1937, 6 
67) regards the process as a phospborolysis m 
which phosphoric acid plays the part played by 
, water m hydrolysis There is no indication of 
the intermediate formation of glucose or any 
other hexose ^luscle, however, contains an 
active omyLise(«<e WilUtitter and Ilohdewald, 
Compt rend- Trav Lab Carlsberg 1933, 22 
063) so that the possibility of amylase action 
has to be consider^ 

If aden\lpyrophosphate is addetl to the mix 
tore In which hexosemonophosphate has been 

1 


produced, a further reaction, which is not m 
hibited by lodoacetic acid, occurs and the - 
hexosemonophosphate is converted into hexose 
diphosphate 

2 Hexosemonophosphate + Adenylpyrophos 
phate ~y 2 Hexosediphosphate + Adenyhc 
acid 

Confirmatory evidence that the formation of 
hexosediphosphate m muscle extract takes this 
indirect course is furnished by the eflfect on the 
process of phlondzm, which inhibits the for 
mation of the monophosphate much more 
stroi^ly than its further phosphorylation 
Hence in autolysed and dialysed muscle extract 
containing monoiodoacetic acid and phlondzm 
no hexosemonophosphate is formed from gly 
cogen and phosphate, whereas when mono 
phosphate and adenylpyrophosphate are added 
hexosediphosphate and adenylic acid (which 
becomes deaminated) are formed 

The role of co enzymes in this reaction has 
been much discussed Pamas at first (Ergebn 
Enzymforsch 1937, 6, 67) held the view that 
no cb enzyme was required, but subsequently 
(Parnas and Jlcchnacka, Compt rend See. 
Biol 1936, 123, 1173) found that some muscle 
extracts could be inactivated by autolysis and 
dialysis and by other methods, and could then 
be reactivated^y adenylpyrophosphate, adenvlio 
acid or inosinic acid von Euler also conaiders 
(Bauer, von Euler and Lundberg, Z physiol 
Chem 1933, 255, 39) that the adenylic acid 
system IS required and in this he is supported by 
Kendal and Stjckland (Biochem J 1037,31,1768, 
1038, 32, 572) As regards the nature of the 
hexosemonophosphate formed, it seems probable 
that the first product is the non reducing Cert 
ester (glucopyranose 1 phosphate , see p 226), a 
glycosidio linkage being first formed between 
the phosphono acid and the hexose, and that, 
under the influence of a enzyme system, the 
action of which is greatly accelerated by mag 
nesinm ions, the phospho group wanders to the 
C carbon atom, glucopyranose 6 phosphate being 
formed which in its turn passes into the equili 
bnum Embden ester (Con, Colowick and Con, 

J Biol Chem I93T, 121, 465) 

It should be emphasized that of the hexose 
monophosphates which are known to occur m 
the crude hexosemonophosphato obtained either 
in muscle extract or m yeast preparations, i e 
glucose , mannose and fructose 6 phosphate, 
only the last can be converted by direct phos 
phorylation into hexosediphosphate (fructose 
I 6 diphosphate) Lohmaim’s pho^hohexo 
mutase (Biochem Z 1933, 262, 1937), however, 
rapidly converts any one of these monophos 
phates into an equihbnum mixture of all three 
(see p 22a) Hence, in presence of this enyzzae, 
further phosphorylation of hexosemonophos 
phate may proceed in every case by way of 
fructose 6 phosphate 

B PAosphorylalton of Olyeo^enarut Ilexoset by 
Teasl Preparations — In the fermentation of 
glycogen, present m ot added to a yeast pre 
paration the relation between fermentation and 
esterification is different from that which obtains 
in glncnse fermentation, the ratio of phosphono 
ester produced to COj evolved being much 
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higher (f£c cJio p. 195). In presence of Snoride. 
■K-hich complerelv inhibits the esterification of 
the hexoses, the fermentation (evolution of CO,) 
of givcogen is almost completelv inhibited, i 
■vrhereas esterification still goes on. aithonxh 
more slo— ly (70%). and hexosediphosphate actn- 
mnlates along vith phosphoglyceric acid and 
phosphoglycerol formed from the diphosphate. 
If acetald^yde be present, phosphoglyceric acid 
is the main product of the oxido-rednction. In 
presence of N aF this oxido-rednction is catalysed 
by the hexosediphosphate produced from the 
glycogen. 

Isolated observations vere early recorded, 
srhich pointed to the probabiirty that hexose- 
monophosphate iras the primary product of the 
phosphoryiation both of glycogen and hexoses 
by yeast preparatfons. Thns Xilsson (Arfciv 
Kemi, Min., GeoL 1930, 10, A. Xo. 7) found that 
vhen vashed dried yeast, firee from co-zymase 
but containing glycogen, —as treated vrith phos- 
phate, hexosemonophosphate -rras formed. This 
reaction vas inhibited fay iodoacstate but not 
by fluoride (Xilsson, Zefie and von Euler, Z. 
physioL Chem. 1931, 194, 53). 

Accordine to SchaSier and his colleagues 
(Chid. 19357 232. 213; 234, 146; 1936. 
ill ; 193S, 251, 144) the systems required for 
the phosphorylation of glucose and glycogen in 
yeast preparations are quite distinct and can [ 
be experimentally separated. Dialysed Lebedev ' 
extract phosphorylates glycogen vrithout any 
addition of co-enzymes, but only phosphorylates 
glucose vrfaen co-zymase and Mg are added, 
and vhen the coupled oxido-reduction of phos- 
photriose occurs simultaneously. One com- 
ponent of the Lebedev extract vhich is essential 
for the phosphorylation of glucose is very 
sensitive to alkali (pg S-6), but this component 
is not required for the phosphorylation of 
glycogen. The product in Iwth cases is hexose- 
monopho'Sphate. 

2. ■feosFHOBTXAXiort or ilizrxosr by Yeast 
Pp- w i V. 1 rr nvs . — It has been found (Jephcott 
and Robison, Biochem. J. 1934, 2S, 1S44) that 
vhen dried yeast acts on maimose at 3S' only 
a comparatively small proportion of hexose- 
diphosphate is produced and the large mono- 
phosphate frraction consists almost entirely 
of inannose-6-phosphate, Trhereas at 25” more 
hexosediphosphate is formed and the mono- 
phosphate fraction contains more glucose- and 
fructose-phosphates. A suggested explanation, 
vrhich requires further experimeiital confirma- 
tion, is that normally mannosemonophosphate I 
is the first product, but passes, under the in- j 
£uEnceofLohinaan'sphciaphohexomtitase(p.22o) 
into a form trhich is converted by direct phos- 
phorylation into hexosediphosphate. At the 
hisher temperature the action of this enzyme 
mav he supposed to be inhibited and the 
mannose monophosphate remains unchanged. 

Direct evidence that in the fermentation 
of glucose bv yeast preparation the formation 
of hexosemonophosphate precedes that of the 
diphosphate vus obtained by 3Ieyerhof (Bio- 
chem. *Z. 1934, 27, SSO) by esfrmating the 
amounts of the tvo esters at intervals du ri ng 
the first 20 minutes of the fermentation. It vas 
also found that the esterification preceded the 


evolution of CO. (see also Bovland, Biochem. J. 
1929,23,219; 1930,24,7). 

The interesting hypothesis that the first stage 
in the fermentation of sugars by yeast is their 
condensation to glycogen vrhich is snhsecraentiv 
converted into alcohol end CO, has been sup- 
ported by TYillstatter and Eohdetrald (Z. 
physol. Cnem. 1937, 247, 269) mainly on the 
ground that when yeast is added to a” solution 
of ^ucose, a definite amount of the sugar dis- 
appears from the solution before fermentation 
can be detected and this amount can he recovered 
Sum the washed yeast by hydrolysis with acid 
or by Pfiuger's method. However, the difier- 
ences mentioned above between the phenomena 
of fermentation of glycogen and of glucose 
provide a strong argument against Willkatter 
and Eohdewald's explanation of their obser- 
vations (ssc also ilyrback, Ortenblad and 
Ahlborg, Enzymologia, 1937, 3, 210) ; Goda, 
Biochem. Z. I93S, 293. 431). 

3. Peosphobtlatiok or Glucose by Dt- 
OEGAXic Peospeate US Pbesexce or Phos- 
FEOTEI05Z. Acetajldehyde a3t> Tbaces or 
Hexos£DIPE0Spea.te. — T his is the Tnafn reaction 
in which esterfication is eSected by inorganic 
phosphate (Equation in Meyerhors scheme). 
It has already been discnssed on p. 30, where 
it was shown (a) that the presence of a co-phos- 
phorylase was essential, and (6) that the esteri- 
fication of the phosphate was conpled with oxido- 
rednction of phosphotriose and acetaldehyde. 

This reaction has been intensively studied 
iy Xeedham and PiUai (Biochem. J. 1937, 31, 
1S37) and bv ileverhof and his coHeasues (Bio- 
chem. Z. 1937, 293, 309; 193S, 297,'" 90, 113). 
The former workers found that in an aqueous 
extract of the acetone-powder prepared fix>m 
muscle extract the esterification of adenylic 
acid (AA) by inorganic phosphate to form 
adenylpvrophosphate {ATP ; adenosine triphos- 
phate) was coupled with the oxido-reduction of 
phosphotiioseandpyrnvicacid(yieIdingphosphc>- 
glyceric acid and lactic acid) and did not 
I proceed unless oxido-reduction occurred simul- 
; taneously. The phosphorylation could be coupled 
with several other oxido-reductioiis : dismutatiou 
of phosphotriose, oxido-reduction of phospho- 
' triose and oxaloacetic acid or of phosphoglycerol 
and pyruvic acid but not of glyceraldehyde and 
pyruvic acid or oxaloacetic add. 

ileyerhofr working with a restricted system of 
enzvmes based on the employment of the B 
protein fipm yeast (fee p. 295), has found that 
in these condKons the conpled reactions are the 
esterification of adenosine-diphosphate (ADP), 
not AA, by inorganic phosphate, yielding ATP, 
and the union of co-zymase with hydrogen, 
derived most probably from the phosphogly" 
ceraldehyde form of phosphotriose, yieldiug 
phosphoglyceric add and dihydro-co-zymase : 

(1) ADP-b H^PO^ ^ ATP ; 

(2) Cb-T-phosphoglyceraldehyde 

^ CoH,-t-phosphogIycericadd 

or summarised : 

(3) ADP-bH.PO^ -r-Co-T- phosphoglyceralde- 

hjds^E^ATP -r <7oH. -f phosphoglyceric 

add. 
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When glucose la present a further reaction 
occurs and ADP is reformed along ^th hexose 
monophosphate 

(4) ATP+glucose -> ADP+hexosemonophos 
phate 

The reaction represented by the eummansed 
equation (6) 

(6 ) APP+ HjPO^H- phosphoglyceraldebyde 
+Co + glucose -*■ ATP+phosphoglycenc 
acid+ Co H j+ hexosemonophosphat e 
proceeds in presence of B protein until prac 
tically the whole of the co iyma«o la reduced 
The reduction of co zymase by alcohol (or lactic 
acid) and the dehydrogenation of CoHj by 
acetaldehyde (or pyruvic acid) are not coupled 
with phosphorylation 

Reactions (1), (2) and (3) are reversible Direct 
experimental evidence haa been obtained that 
in the presence of protein B &om yeast, phos 
phoglyccfic acid ana reduced co zymase react to 
form phosphotnose and co zymase and that this 
change is coupled with the bberation of one PO4 
group from ATP, yielding ADP Mixtures 
made up (10"® Jf) to correspond with the mole 
cular quantities m the two aides of equation (3) 
attain approximately the samo equilibrium (2/3 
of Co and 1/3 of CoH,) and this is affected bi 
excess of any of the constituents in general 
agreement with the law of mass action Aa the 
active mass of some of the components (e g 
CO zymase, phosphoglyceraldebyde} may differ 
very materially from the amounts added no 
veiT close agreement cm be expected 
uTien the amount of Co present is dimmisbed 
to catalytio proportions and alcohol is added 
the following reaction (0) occurs 
(d) Phosphoglyceric acid+alcohol + ATP 
-►Phosphotnose + aldehyde + ADP 
+ H,P 04 

If KCN IS used as a fixative for phosphotnose 
the reaction represented by equation (3) rend 
from right to left goes almost to completion, as 
does also the reaction corresponding with equa 
tion (G) 

As regards the energy relations of the coupled 
reaction it is pointed out by Slejcrhof that the 
induced (endothermic) phosphorylation of ATP 
IS render^ possible by the spontaneous (exother 
mic) oxido reduction of phosphoglyceraldebyde 
and CO zymase, whilst m the reverse reaction tho 
induced reduction of phosphoglyccnc acid and 
dehydrogenation of CoH, are rendered possible 
by the energy derived from the spontaneous 
hvdrolysis of ATP, yielding ADP and phos 
phone acid (+11 000 g cal ) 

PnOSPHORTT-ATIOV BY Co ZYSIASE — ^Much 
work haa been done on this subject without a 
defimlo result having lien obtain^ The 
earlier investigations all tended to show that 
CO zymase could replace adenyhe acid both in 
muscle and y cast preparations and that it play ed 
a slmdar part to adenylic acid m aiding the 
transference of phospbato (von Euler and 
GGnther, Z phvsiol Chem 1935, 235 1(H, 
237,221, 1030 239 R3, von Fulcr and Vestin 
liicf 1935 237, 1, \estin iW 1930 240 09 
von I oler and ddJer, trliv Kemi, ^fin , Geol 


1935, 12, B, No 12) A remarkable feature of 
these oxpenments was that co zymase which 
had been heated with 0 03 iV NaOH, and there 
by inactivated as regards the initiation of 
aleohobc fermentation, was still able to replace 
adenyhe acid and was oven more active than 
the onginal untreated preparation These pro 
perties were shown by very highly concentrated 
preparations of co zymase (/lCo=400,000) 

Mbro recent work, however, showed (von 
Euler et al, Arkiv Kemi Mm , Geol 1936, 12, B, 
No 24) that CO zymase could be prepared (p 16c) 
in a higher state of purity than had previously 
been attained, and that in this form it was 
unable to replace adenylic acid until it bad been 
treated with alkah 

Thu apparent inactivity of pure co zymase 
haa been found (Ohlmeyer and Ochoa, Biochem 
E 1937, 293, 338) to he due to the presence in 
the experimental mixtures of Na ions (c/ 
Harden, Biochem J 1013, 7, 214) which mhibit 
the transference of PO* from phosphopynivic 
acid to glucose by co zy mase and, to a less extent, 
by adenyhe acid If Mn is added, this in 
hibitoiy effect is removed and the co zymase 
becomes about half aa active in the transfer of 
PO4 aa is adenyhe acid under the same eon 
ditions, without losing more than 6% of its 
activity 05 a dehydrogenase Hexahydro 
CO zymase (CoH|) which is inactive as a co de 
hydrogenase, behaves as a phosphorylase in a 
Si mila r manner to the unreduced co zymase hut 
u even more active, equalhng adenylio acid 
The mhibitmg effect of N a is also removed by 
Mg, NH, and K, the relative efficiencies 
(atomic) Ming MnMgNH|K as 160 
1,000 2 000 In the absence of glucose, the 
production of readily hydrolysxhle P can be 
detected, but only about 10% of the co zymase 
appears to be phosphorylated “ Co zymase 
pyrophosphate “ has been isolated as & Ba salt 
(Meyerhof and lijesshng, Naturwisa 1930 24, 
301, 657), but its constitution has not yet been 
determined 

Tho increase in activity caused by treatment 
With alkah (which is known to remove the 
nicotinamide group of the co dehydrogenase) is 
almost certaiiy due to the formation of a 
phosphorylaling compound, and such a com 
pound has been isolated from the products of 
tho action of alkah (Schlenk and von Euler, 
Arkiv Kemi Mm Geol 1936, 12, B, No 20) , 
it 13 probably a compound of adenme with 
2 molecules of nbosephosphate, but its constitu 
tion IS not yet known (see von Euler, Ergebn 
Physiol 1936 S8 1) In the hght of the fore 
going observations it may be taken provisionally 
that pure co zymase m the presence of a suffi 
ciency of Mn and Mg ions is able to act as a 
CO phosphorylaso both in muscle and yeast 
preparations, but the mechanism of the re 
actions IS not yet known with certainty 

In this connection great interest attaches to 
the observations of von Euler and bis col 
leagues (von Euler, Adler and Steenhoff Enksen, 
Z physiol Chem, 1937, 248, 227, von Euler 
and Adler, »6uf 1938, 252 41, Vestm, Natur 
wiss 1937, 25, C67, von E^er and Veatin, 
Arkiv Kemi Mm, Geol 1930, 12, B No 44, von 
Euler and Bauer, Ber 193S, 71 [B] 411) who 
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scceptor, being able to egeci 
glvcerol to triose and 
(Break, lx .) : 

2CH,(OH)CH{OH)CH.-OH 

=C5H.(0H)CH,-CH.-bHd-C3H603-rH.0. 

Brxrsic FEHiiESTjLirox a^td Acetojte Peo- 
Dt'cnoK. — Tne bacterial production of butyric 
acid from carbobydrate rras sbo-wn by Pasteur 
in 1S61, and is historically interesting as famish- 
ing the material for his observations on strict 
ansrobes. The actual chemistry of butyric 
fermentation tvus first studied by Fitz (Ber. 1S76, 
9, 134S), who isolated an organism decom- 
posing glycerol with the production, as the main 
products, of n -butyl alcohol and n -butyric add, 
which were also obtained finm mannitol, starch 
and invert sugar. The discovery of this fermen- 
tation was the first erample of the production 
of a 4-carbon from a 3-carbon compound, and 
Fitn himself suggests that the pr^uction of 
the former occurs by a condensation of two 2- 
carbon compounds in a manner analogous to 
aldol condensation. The isolation of acetalde- 
hyde in a butyric fermentation by the use of 
sulphite (Xeuberg and Aiinstein, Biochem. Z. 
1921, 117, 269) and the simnltaneons disappear- 
ance of 4-c3rbon componnds supported the idea 
of the production of the latter by aldol conden- 
sation. The fermentation of pyruvic acid by 
B. however, led to no 4-carbon pro- 

ducts, but only to acetic and formic acids 
(Xeuberg and Arinstein, l.c.). Xevertheless the 
occurrence of butyl products by aldol conden- 
sation continued to find support (van der Lek, 
Dissert. Delft, 1930 ; Kluyver, op. ciL). Actually 
the addition of acetaldehyde to a butyl alcohol 
acetone fermentation by CL buiylicurr, gave a 
&}-/c increase in the yields of butyl ^cohol, 
whilst added acetaldol was unchanged (Bem- 
hauer and Kurschner, Biochem- Z. 1935, 2S0, 
379) ; furthermore, propioaaldehyde is reduced 
to propyl alcohol, giving no condensation pro- 
duct. Aldol condensation as a step in the pro- 
duction of 4-carhon compounds therefore is not 
proved. 

The production of 4:-carbon compounds is 
often accompanied by acetone. Schardinger 
(Zentr. Bakt. II, 1995, 14, 772) first isolated an 
organism producing acetone with formic and 
acetic acids and ethyl alcohol fimm starch. 
Other vvorkers later used orga n i sm s producing 
acetone, ethyl and butyl alcohols, butyric, 
acetic and formic acids, carbon dioxide and 
hvdrogen (Fembach and Strange, 1912, B-P. 
21073; IVeizmann. BA». 1915, 4S45; Eeffly 
ei cl. Biochem. J. 1920, 14, 229). The eady 
stages of the fermentation are characterised by 
a high acid production followed by a fall accom- 
panied bw a rise in the production of gaseous 
products, bu^l alcohol and acetone (Keilly el 
ah, ibid. 1920* 14. 229 ; Osbum el al., J. Biol. 
Chem. 1937, 121. 6S5). Speakman {ibid. 1920, 
'41, 319) TT^g Granuldbader pecHr-ovorwri showed 
that the addition of acetic acid to the fermenting 
•mash increased the production of acetone by 
45%; evidence that acetic acid is a direct 
precursor of acetone is. however, shaken by the 
fact that other acids, e.g. propionic acid and 
butyric acid in similar concentratioiis increase 


acetone production by 30% and 10^^, respec- 
tively. More recent work shows the effect of 
on the final products. In the early stages 
of the fermentation of glucose by Cl. buiylicum 
butyric and acetic acids predominate, butyl and 
isopropyl alcohob and acetone occur later. If 
the is maintained above 6-7 by addition at 
intervab of NaHCOj the formation of alcohob 
b hugely suppressed and that of the acids in- 
creased; formic and lactic acids abo appear. 
Pyruvic acid ana methylglyosal have been 
bolated as intermediates (Osbum et cl., ibid. 
1937, 121, 6S5). The addition of certain pro- 
ducts during the course of the fermentation 
fnmishes evidence of intermediate processes, 
thus butyric and acetic acids increase butyl and 
isopropyl alcohob, CHg-CHO gives rbe to 
C»H5‘C5 h and traces of acetylmethylcarbinol 
and 2: 3-bntylene glycol ; acetone andacetoacetic 
acid both increase isopropyl alcohol (Osbum el 
cl., Iowa State CoU. J. of Science, 1938, 12, 
275). 

A Bacteelll Alcoholic Feemestahoh. — 
An organbm bolated fixim agave juice ferments 
glucose, fructose and mannose to ethyl alcohol 
and carbon dioxide in equimolecular proportions ; 
small amounts of lactic acid are abo found 
(Klnwer and Hoppenbrouweis. Arch. Mikro- 
bio!.'l931. 2, 245). 

The Dislocation of FzEjrENTixioNS. — 
It b becoming apparent that the course of fer- 
mentations and the proportions of various pro- 
ducts obtained can be influenced by adjusting 
conditions. Thb b rmph’cit in some of the 
observations already recorded, but other striking 
instances may be given. Thus the fermentation 
by Bod. coll can be so altered as to become pre- 
dominantly a lactic fermentation (72-98% lactic 
acid) ; thi has been done by using hexose- 
diphosphate as substrate and adding toluene 
and glutathione. These conditions favour the 
production of methylglyosal and the action of 
givoxalase (for which glutathione b the co- 
enzyme), and lactic acid b therefore produced 
at a rate greatly exceeding that in usual con- 
ditions of fermentations (Cattaneo and Xeu- 
berg, Biochem. Z. 1934, 272, 441). In the case 
' of C7. bidyricum the normal fermentation in 
argon (probably abo in nitrogen) accords with 
the equation : 

C6Hij06=C4Hg02-f2C0.-F2H.. 

The production of butyric acid b inhibited by 
carbon monoxide, the inhibition being reversible 
bv light of high intensity ; it b abo inhibited'by 
cjunide, -If/1,000 and jIf/100 to the extent of 
60% and lOO^o respectively. These inhibitioiis 
do not, however, prevent the primary dbmption 
of the hexose molecule, but only the subsequent 
reactions by which carbon dioxide, hydrogen 
and bntyric acid are produced, the whole of the 
sugar now appearing as lactic acid. Thus in 
carbon monoxide alone a pure lactic fermenta- 
tion occurs, in pure argon a pure bntyric fer-' 
mentation (as in equation above) takes place, 
while in argon-rb-25% carbon monoxide, mixed 
lactic and bntyric fermentations are obtained 
(Kempner, ibid. 1933, 257, 41 ; Kempner and 
Kubowitz, ibid. 1933, 265, 245; Kubowitz, 
ibid., 1934, 274, 285). 


FERirEXTATIOX, BACTERIAL. 

a dbmutation of 
trimerhylene glycol 
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Feruentations Involvino Partial Ozida 
Tiov (the Acetic Fermentations) — ^The pro 
ductiOQ of vinegar from alcohol residues is im 
ancient biochemical industry, the bacterial agent 
for which was demonstrated by Pasteur in 1862— 
64 (Pasteur, Oeuvres,’ III, Masson et Cie ) 
This oxidation is, however, only one among 
many of which acetic bacteria are capable 


Thus it was early shown that h aceti and B 
xjflmam oxidise propyl alcohol and glycol to 
propionic and glycohc acids respectively, 
glncose to gluconic acid and mannitol to fructose 
(Brown, JCS 1887, 61,638) These reactions 
exemplify the oxidation of primary alcohols and 
aldehydes to carboxyho acids and secondary 
alcohols to ketones By the classical work of 


Table I 


hot attacked 

Attacked 

Product 

Ethylene Glycol 

Glycerol 

Dihydroxyacetone 

CHjOH 

CHjOH 

CHaOH 

CHaOH 

CHOH 

<!=0 


(^HaOH 

GHjOH 


t Erythritol 

1(+) Erythrulose 


CHaOH 

CHjOH 


HO— <i— H 

C=0 


HO— i— H 

HO— C— H 


(inaOH 

(1h,OH 

^ Xyhtol 

Arahilol 

“ Arabinulose " (araboketose) 


CHjOH 

CHjOH 

HO— C— H 

H— C— OH 

i-0 

HO— i— H 


iin 1** 

C^HaOH 

inaOH 

^HjOH 


l(-) Sorbitol 



CHjOH 

CHjOH 


HO— C— H 

cl=o 


HO— H 

HO— i— H 


H— C— OH 

H— C— OH 



WO ^ H 


(^HjOH 

injOH 


d(— ) Fructose 

CHjOH 
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^rtrand (Arm. Gliim. Phys. 1904, [viiij, 3, ISl), 
it Tvas shown that the sorbose bacillus (now 
known as B. xylinum) oxidises only those 

H H 

HO-HX— C— C— 

‘ I I 

OH OH 


secondary alcohols with two adjacent cis-OH 
groups. 


oxidised 

> CH3(0H)— C— CH(OH)— 

to I 

O 


H OH 

H O • H „C — C — C — not attacked 

I I 

OH H 

This is made dear hy Table I on the opposite page. 


Hermann 'and Keuschul divided the whole 
group of acetic bacteria into the ketogenic and 
aketogenic classes. From Table II it is dear 
that, while the oxidation of aldehydes to adds 


is brought about by most members of the group, 
the oxidation of secondary alcohols to ketones 
is more restricted (Biochem. Z. 1931, 233, 
129). 


Table U. — Oxhjatioes Catalysed by Acetic Bactebia ( TTeuwav -h a:sd Heuschtjl). 



Ohicoflo to 

Rliiconlo acid, 

Arnidnoso to 
nrnbonlo acid. 

oS 

9S » 

|i 

o 

ei 

o 

“I 

■S-5 

Glycerol to , 

dlliydroxyacetono. 

c 

^ a 

5.2 

o 

lg 

1-2 

§■§ 

Si 

o 

si 

S3 

•SJ 

eg 

.*s 

O C5 

2*2 

e tc 

oS 

sS 

Cia 

Ketogesic 

B. ghtconicum 


-1- 

-f 

+ 

+ 

-r 

-i- 

-b 

+ 


B. 'xylinum 

-i- 

4- 

“T 

0 

+ 

+ 

-L 

-f 

0 

f 

' ! ' 

B. xylinoides 

» 

+ 

-b 

0 

+ 

-r 

4- 


0 

-r 

B. orleanense 




0 

“T 

4- 

+ 

-U 

0 

t 

~T“ 

B. aceli (Hansen) 

t 

"T 

4- 

0 

• 

-f 


6 

0 

+ 

Aketogebic 

B. aceli (Henneberg) 


0 

0 

0 

0 

0 

+ 

0 

0 

-b 

B. pasienrianvm 

-U 



0 

0 

0 

0 

0 

0 

0 

B. acetosum . . 

-r 


4- 

0 

0 

0 

0 

0 

0 

0 

B. rancens 

-r 

_s_ 

-r 

0 

0 

0 

0 

0 

0 

a. 

B. ascendens 

-f 

-f* 

-f 

0 

0 

0 

0 

0 

0 

6 

B. 1-17! i aceiali . . 

-J- 

-i- 

-r 

0 

0 

0 

0 

0 

0 

0 

B. hutsingianum 

-f- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B. ascendens (Henneberg) 

0 

-I- 

t 

0 

0 

0 

0 

0 

0 

0 


Certain spedes of acetic bacteria isolated in galactose (Takahashi and Asai, Zentr. Bakt. II, 
Japan produce kojio acid in small yield firom 1933,88, 286; t'tid. 1936, 93, 248). 
firuotose and mannitol, and comenic acid finm • 


CH„-OH 

I ‘ 

HO— C— H 

1 

HO— C— H 
H— C— OH 
H— ^OH 

CH.-OH 

Mannitol. 


CH,-OH 

i-o 

I 

lO— C— H 
H_C— OH 
H_c— OH 

CH.-OH 

Fructose. 


CH.-OH 

- I ■ 

— C 

n 

C— H 

I 

o c=o 
I 

C— OH 

r. 

— CH 

Kojic acid. 
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TERHE^sIAHOls, ilOULD. 


It is STmnised that the svathetic poTseis sho-ro 
faj the lot^r fcmai raav be in part dne to their 
capability of prodndng sabstances oa a highe- 
lotrar or the same level of osidatioa as the ^art- 
i^ material (sagar). Bearing in mind the fact 
that monies are at the same rime rich in enzrmes 
of every type, inclnding hvdrolytic enzymes, and 
that the action of these enzymes is probably 
reversible under suitable conditions, it is readilv 
seen that all the essentials are present for a tride 
variety of syntheses as veil as degradations. 

Metabolic Products. 

Peodcchos’ or Oncisic Acids. 

It is convenient to consider first the prodnerion 
of o r al i c, citric and ginconic adds since not 
only are they of considerable historical and 
indnstrial imt>ortance, btrt they also fllcstrate 
the oxidising capabilities of monies, as they are 
aH products at a higher stage of oridarion than 
the starting materiS (sugar). 

Oxalic Acid. — Althongh several observers 
had reported the presence of caldtini oxalate 
crystals in cnlnrres of varions fhngi, the proof 
that oxalic acid in the &ee state is ptodneed by 
fnngi, especially by AspirgiUi:^ solely in 

the presence of carbohydrates or chemically 
allied substances vas afiorded bvWehmer (Bot.- 
Zrg. 1S91, 49, 233 ; Ber. detit.' bot. Ges. 1S91, 
9. 163). He made a study of the condirierns of 
oxalic add production, vith the result that the 
process vas definitely ranked vith other fer- 
mentations prodneed by micro-organisms. 

The acidiiy of the metabolism solnrion slovly 
rises to a maximum as the monid develops and 
begins to decline vhen all the sngar is exhausted. 
Lover temperatures than the oprimum for 
grovrii fevour the accumularian of add- If 
caldum carbonate is added to the metabolism 
solution to combine vith the add, the accumu- 
lation of the combined add is progressive and 
the resulting caltunm oxalate may amount to i 
more lOO^o of the sugar originally present, 
the yield of oxalic add on sugar being about 50% 
of theorericaL Other morids, notably Fer.i- 
dHiirm orclic’zrr. (Currie "and Thom, J. BioL 
Chem. 19 15, 22, 2ST),have been shovn to produce 
oxalic add. 

Citric Acid. — For the manufacture of citric 
add bv ilould Fermentation r. Cxmic Acid 
(VoL HL pp. ISS, 1S9). 

ATariuKism of Citric Acid Forrr.atior .. — The 
conversion of the straight chain of six carbon 
atoms of a hexose to the branched chain of 
■citric add bv the agency of micro-organisms has 
evoked considerable interest, and a number of 
hypotheses have been advanced, to account for 
the mechanism of thf= reaction, vithout, hov- 
ever, reaching any finality. 

Some of these h'vpotheses can be eliminated 
ly a consrderarion of the yields attainable. Thus 
a preliminarv bneakdo'va of hexose simil a r to 
that encountered in alcoholic fermentation ly 
yeast ra.r» nlav no part in the formation of dme 
add bv moulds. For the theorv of Bemhaner 
(Ergebk Enzymforsch. 1934, 3, fSo) to hol4 
Vcight ratio of citric add to carbon dioride 
should not exceed 1-45:1 and the rveight yield 
of citric add &om glucose should not exceed 

Tom T.-^ 


71-1%, but ratios up to 4:1 and yields up to 
90% vere actually obtained bv Wells ei al. 
(J. Amer. Chem. Soc. 1936, 58, 555). Siniilariy 
j Etude's hypothesis in vhich quinic add is an 
[ intermediate (Biochem. Z. 1935, 275, 373) is 
I exduded since the maximum yield of citric 
! add fiorn^ sucrose vould be only 56%, and 
correspondingly less from a hexose. In viev 
of the lack of success in obtaining conclusive 
evidence as to the mechanism of the dtric add 
fermentation, in vhich the conditions have been 
extensively studied, it is not surprising that Little 
attention has been devoted to the mechanism of 
formation of other monid products, tviiich are at 
present of purely academic interest in most 
cases. 

d-GIuconic Acid. — The prodnerion of glu- 
conic add as a fermentation product of the lover 
fungi vas first observed by iloHiard (Compt. 
rend. 1922, 174, SSI). He found that the add 
is produced in considerable yield firom sucrose by 
Aspergiiius uyer. It has since been isolated 
fix)m the products of metabolism of a number of 
other spedes such as Aspergillus fuscus, cin- 
r.crr.iyr.eus and oruzs ; Per.icsllium glaucum, pur- 
purcgiT.nm, cl.rpsoger.um, crustcceurc zndFumago 
tcgc-rj. In all cases it seems to be formed from 
glucose or a polysaccharide vhich yields glucose 
on hydrolysfr, by a simple oxidation of the alde- 
hyde group of the sugar to a carboxyl group, 
vithout the intervention of a complicated series 
of changes such as evidently occur in the for- 
mation of citric add. Evidence for this is the 
preparation by AlfiHer (Biochem. Z. 1928, 199, 
136; 1929, 205, III) of an oxidising enzyme 
fixim the press jtdees of AspergilLi s.ndFer.icinia 
capable of converting glucose to gluconic add. 
This enzyme vas termed by Aluller “glucose- 
oxidage.” The evidence is further supported by 
a discovery of Angeletri and Cerruti (Annali 
Chim. AppL 1930, 20, 424) that one of the 
OTsanisms responsible for gluconic add pro- 
dimtion, namdy F. purp/uroger.uTri var. rubri- 
sclerctiuTr. is able to convert mannose into d- 
maunonic add. 

As gluconic add is of some commercial im- 
portance, the possibilities of its industrial pro- 
duction bv mould fermentation have been studied 
bv ilav et al. (Ind. Eng. Chem. 1929, 21, I19S, 
cf. MaV £i al., J. BioL Chem. 1927, 75, 77 ; 
Herrick snd ilay, ibid. 192S, 77, 185). They 

emoloved as th& organism P. purpurogenum 
r^. jiabri-sileTciium. This vas cultivate on 
a semi-Isrge scale plant in shaHov al umin ium 
paiis, Esins a 20% solution of commercial 
sIuctKe the-v vere able to obtain yields of about 
57 °' of thTOrericah The add vas recovered as 
the°caldum salt, vhich is readily purified by 
le^rrstallkarion from vato. The mould P. 
d.nhcccr.urr. vas later found to be more saris- 
fketorv for the reaction and the process vas 
improved by using submerged gro-vrife 
nnder increased air pressure and agrtation id 
sinteicd-bottom vashing bottles. The most 
promising results vere obtained vith a selected 
Strain a^'Aspergidus r. iger. A rotary al uminium 
^rpm vas used as the fermentation vessel and a 
re-mlated air supply -vas introduced under 
pTxssure. Ibi^ me^od represents an importaiit 
departare from the shaHov pan method of rfti- 
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vation hitherto employed with moulda, bringing 
the process more into line with vat fermentations, 
such as are used for yeasts and bacteria T^iis 
results m a considerable saving of plant space 
The most ciScient glucose concentration for 
the reaction was found to be 16-20% and the 
acid was neutralised by adding 20 e of calcnun 
carbonate per htre of culture solution Ter 
mentations could be made with germinated or 
ungermmated spores, the latter requiring a 
somewhat longer time, and the same mycdiai 
growth could be used for successive fermenta 
tions Under the best conditions with 16% 
glucose solutions yields of gluconic acid in 
excess of 96%, based on the sugar present, 
were obtained m a 24 hour fermentation period 
The apparatus and conditions employed on the 
p2ot plant scale, in which the drum has a 
capacity of 420 gallons, the optimum charge 
being 175 gallons, are described by Gastrock 
tl al ^Ind Eng Chem 19^8, 80, 783) 

The acids oxahe, citric and gluconic acid are 
thus all products of the metabolism of one 
orgamsm, Aipergillus ntger, although they can 
all be obtained, at any rate, singly from other 
moulds The predominance of one or other of . 
these acida m tnemetabohsm solution la largely a 
function of the inorganic nutrient By a cor 
rect choice of the source and amount of nitrogen 
and other essential elements in the medium the 
metabolism can bo directed so as to obtain the 
desired product Much work has been devoted 
to a study of the conditions for obtaining the 
best yielus of each of these acids, particularly 
citnc and glucomc acid Tor an account of this 
work otv the effect of nutrients the literature 
should be consulted 

Other Simple organic acids produced by mould 
fermentation will now be briefly reviewed 
Fumaric Acid —The formation of fumaric 
acid by micro orgamsms was first observed in 
1911 by Ehrlich (licr 1911, 44. 3737). who 
isolated it from the metabolic products of Mueor 
elolonijtr when grown on glucose and fructose 
solutions Webmer (1918) described a etrain of 
A$pergHlM» akin to A ntger. which produced 
fumano acid from sucrose in 00-70% yield He 
named the mould /I /umartcua.butobservcdthat 
it gradually lost completely its power to produce 
fumanc acid On the other hand, considerable 
amounts of gluconic scid, with varying amounts 
of citnc and some malic acid, were produced 
(Rioehcm Z 1928, 197, 418) Tbies (Zentr 
Bakt II, 1930, 82, 321), by adopting special 
conditions of culture, was able to obtain a 
heavy submerged growth with the production 
of appreciable amounts of fumanc acid Taka 
hashi and Asai (Proc Imp Acad Tokyo, 1927, 
3 85) found that fumanc acid was produced 
in small amount by Ilht.Mpua species, and 
Gottscbalk (Z phjaiol .Qiem 1026, 182 130) 
obtained it from pyruvic acid by the agency of 
ll nigrttans It is also formed in small amount 
by a reni««ium species (Raistnck and Simonart, 
Biochem J 1933. 27. C28) 

Succinic Acid -Succinic acid has been 
recorded as being formed m small amount bv a 
number of moulds It was obtained by lit* 
(J^r I®73, 6, 48) from Jilucor muetdo, and by 
Emmerung from 21 raeemosui Takahasbi and 
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Asai isolated it from the products of several 
species of Mueor grown on glucose m presence 
of calcium carbonate It has also been obtained 
from other genera, notably Aapergrllua, Clastero 
sporium, Fumago and Pentc%lhum 

Malic Acid. — Small amounts of mabc acid 
have been found in the fermentation products 
of several of the lower fungi Thus Wehmer 
(I c ) showed that it is formed from sucrose 
by Aspergillua fumancua Birkmshaw et al 
(Phil Trans 1031, B, 220, 163) obtained it 
from a white Aipergtllua, and Birkmshaw and 
Raistnck (Phil Trans 1931, B, 220. 331) from 
a Clasteroaportum species when grown on glucose 
Yuill (Cliem andind 1930, 55, 165) found that 
it was formed in fair quantity by a sub surface 
fermentation of A fiavua Link, in presence of 
chalk Under theso conditions succinic and 
fumanc acids are also obtained 
Since the acids succinic, fumanc and make 
acid ate closely related chemically and are inter 
convertible by means of enzymes, it seems hkely 
that they all arise by the same general reaction 
from sugar, and not by deamination of ammo 
acids derived from breakdown of cell proteins, 
as baa been postulated for the production of 
SQCciruc acid by yeast fermentation This latter 
origin would seem to be excluded in the case of 
fumaric acid at anv rate since it has been 
obtained in large yield, and may be regarded as 
a major product of fermentation 
Formic Acid — Formic acid » n product of 
fermentation of arahinoeo by A oryia (Take 
doTO.J Agric Chem Soc Japan, 1936, 11, 365), 
other products being citric and glycolhe aetd, 
with emalier amounts of oxahe and kojio ac^ 
and glyceraldehyde From fucose, formic, gly 
coUic and lactic acids are produced 
Pyruvic Acid,— This acid w obtamed along 
With dtmelhylpyruvte aetd by the growth of 
A ntger on glucose or sucrose in the presence of 
sodium sulphite (Hida, J Shanghai Sci Inst 
1935, (iv] 1, 201) The presence of ammonium 
salts in the medium inlubits the production of 
pyruvic and increases that of dimethylpjruvic 
acid 

Itaconic Acid.— Kinoshita (Acta Pbytochim 
1931, 6, 271), observed the production of itacomc 
acid together with gluconic and citric acids from 
sucrose or fructose, but not from glucose, by 
the agency of a mould which ho named Aaper 
gtllita ttaeontcua, derived from the juice of 
pickled plums Ifinoshita suggests that the 
sequence of formation of products is sugar 
-♦gluconic acid-Kcitric acid acomtic acid 
-♦itaconic acid Aeonilic acid has been ob 
tamed from citnc acid using a strain of A ntger 
which was aUo able to accomphah the reverse 
transformation (Bembauer and BdekI, Biochem 
Z 1932, 253, 10, 25) Recently Calam et al 
have identified itaconic acid as a metabolic 
product of A terreua ^om (Biochcm J 1039, 
S3, 1488), but found no evidence that citric acid 
represents on intermediate stage iti its formation 
Lactic Acid — Lactic acid ihflers from the pre 
ceding acids in that it represents a product of 
rearrangement (and fission) of the bexoso mole 
cole, but IS not an oxidation product of the sugar 
Although lactic acid has frequently i^n 
reported aa a metabolic product of bacteria, it is 
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not of feonent occxnrence amongst mould pro- 
ducts. Most of tile recorded obserrations relate 
to tile genus Shizopus. triiere, hoTreTer, it bps 
been encoimtered in high yield. Tims Kanel 
(MicrobioL TJ.S.Sd«. 1934. 3, 259) obtained mom 
a sp^es allied to S. japorJcits a 40^o yield of 
lactic acid &om sugar on a medium containins 
cb . aTk . Ward ei cl. (J. Amer. Cbem. Soc. 193^ 
5S, I2S6) obtained reproducible yields of 19^ 
62*^0 of lactic acid fiom glucose on a medium 
containing calcium carbonate n=ing B. oruzs, 
arrfJzus and iriSici. Two species of Bhizopus 
isolated by Waksman and Hntcbings (J. Amer. 
Cnem. Soc. 1937, 59, 545) &om soil and fixim 
composts of decomposing organic matter pro- 
duced 60-70^0 of d-iactic acid on a medium con- 
taining glucose or starch, nutrient salts and cal- 
cium carbonate. Tnnlfn was slowly" converted 
into d-lactic add. 

AicoEomc FsBEESTAErorr PEODrcrs. 

Ethyl Alcohol. — Alcohol is now recognised 
as a fairly common prodnct of mould meta- 
bolism, particulady in certain genera. Thus afl 
spedes of the genus Fusurium examined hr 
Birkinshaw d cJ. (PhiL Tr^. 1931, B, 220, 93) 
produce alcohol in good yields. Anderson and 
Wiliam an {Proc. Soc. BioL 3Ied. 1922, 20, 

lOS) showed that T. Is ns aSbrds alcohol in yields 
comparahlg with those obtainable &om yeast 
fermentations, and the mechanism of its pro- 
duction is apparently similar in the two cases, 
ilany spedes of Afncor grre rise to an alcoholie 
fermentation and it was on this genus that the 
earliest observations of alcohol production were 

•mpne.. 

The genera AspireiUus and PerACsUium con- 
tain many spedes which produce alc-ohoL and 
it was found by Birkinshaw d cl. (PhiL Trans. 
1931, B, 220, 27, 55), who examined and pre- 
pared balance sheets for 96 species of Aspzr- 
ciJIl'S and 75 of Fer.icUlsiirr,, that alcohol pro- 
duction is a characteristic of certain groups of 
morphologically related spedes, w hils t it is not 
formed by other groups within the genus. Thus 
all members of the A. f.avus-orpzzs group 
examined were fonnd to give rise to some 
alcohol, hut none could be detected in the 
A. glances group. 

Acetaldehyde. — ^By interception by means 
of sulphite, acetaldehyde has b«n isolated by 
Cohen (Biochem. Z. 1920, 112. 139) and Xeuberg 
and Cohen (Biochem. Z. 1921, 1^. 204) from 
the metabolic products of various moulds when 
grown on glucose. Bemhauer and Tbelsn 
(i5id. 1932, 253, 30) obtained up to 60^o 
theoretical yield from sucrose by the agency of 
A. rjgzr. Acetaldehyde can be isolated in small 
amounts from some moulds giving rise to 
alcoholic fermentatiou even in the absence of 
any interceptor. 

Ethyl Acetate. — Ethyl acetate is a meta- 
boKe product of Per.scsUssitr. Hgstclnrr. Saccardo, 
when grown on glucose solution. It may arise 
bv a modified Cannizzaro reaction from acetalde- 
hyde (Birkinshaw rf cl. Phil. Trans. 1931, B, 
220. 3^). 

Glycerol. — This well known by-product of 
yeast fermentation is probably a fairly common ‘ 
metabolic nroduct of moulds. It is formed by 
r / 



Mucor Tccev.ams on sucrose (Emmerling, Ber. 
1S97,_S0, 454) and by species of AspirgUlus, 
EdmsntLosporium and ClasteTosporium (Birkin- 
shaw et al. PhiL Trans. 1931, B, 220, 153, 331). 
La view of the production of large yields of 
acetaldehyde by addition of sodium* sulphite 
to the medium, it is probable that glycerol would 
be obtained in good yield by the same method, as 
is found in veast fermentations (r. this Yol. 
p. 24). 

EEDr'cnort Peodttcts. 

Glycerol, although dealt with above, is, like 
ethyl alcohol, a reduction product of susar. 
Certain other polyhydiic alcohols illustrating 
the reducing action of moulds remain to be 
considered. 

Erythritol and Mannitol. — ^Erytlmtol was 
isolated by Oxford and Eaistrick (Biochem. J. 
1935, 29, 1599) from the myceKum ofPensesUium 
brers.compaeiiim Dierckx, together with manni- 
toL when the mould was examined before all 
the glucose had disappeared from the medium. 
Mannitol has frequently been recorded as a 
constituent of mycelinm together with trehalose, 
hut it can now be regarded as a true fermenta- 
tion product since it can he obtained in large 
yield under suitable conditions. Thus Birkm- 
^aw ei al. (PhQ. Trans. 1931, B, 220, 153) were 
able to obtain yields np to oO^o of the sugar 
utilised from the metabolism solution of a white 
species of AspirgiEus. It was obtained in the 
largest yield when the air supply of the culture 
was restricted. It is also formed by species of 
other genera and is a main metaboh'c product of 
Bgsscd.lair.ys fulva Olliver and Smith (Eaistrick 
and Smith, Biochem. J. 1933, 27, 1814). Coyne 
and Eaistrick (sold. 1931, 25, 1513) found that 
I the white Aspergillus giving high yields of 
I mannitol was able to ufflise for its production 
I the hexoses, mannose, galactose and glucose 
j and the pentoses, arahmose and xylose. Fruc- 
tose, which yields mannitol by chemical reduc- 
tion and fr utilised by certain bacteria for the 
production of mannitol is not converted into 
mannitol by the mould. 

ATI the products so far considered belong to 
the acyclic aliphatic series, and with the excep- 
tion of citric acid, contain only straight carbon 
chains. "Since they do not contain more than 
6 carbon atoms they might conceivably be 
derived by direct degradation of the hexose. 
Manv of the products now to be reviewed contain 
iarsri molecules which must obviously be 
obtained from sugar by synthetic processes. 

HEiEBOcrsTCUc CoJirorerDS (Caebox-Oxtgze 
P. rsGs). 

Oxidoethylene-c5-dicarboxylic Acid. — 
This acid. CiH^Oj, is produced in yields of 10- 
20^0 sugar utilised when a speefies of 

Jlor.ilic is grown on a synthetic glucose medium. 

It is also formed from other sugars, polyhydric 
alcohols and related compounds. Citric and 
fomaric acids are also produced (Sakaguchi ei 
cl. Proc. Imp. Acad. Tokyo, 1937, 13, 9 : J. 
A'nric. Chem. Soc. Janan, 193 S, 14, 362. 366 ; 
zJatr. Bafct. M, 1 939, 100. 302). 

Kojic Acid. — Kojicacid. C^HjO^, m.p. 1.72% 
was isolated from the mycehum of Aspergillus 
(rvzz bvSaito (Bot. Mag. Tokyo, 1907, 21, 249). 
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"iftbuta detemuned its constitution aa 5 
hydroxy 2 hydroxymethyl y pyrone It li*s 
been obtAmed from several related speaes of 
Aspergillus belonging to the /anis-orys* gronp 
and aUo from PenvciHium Dale® Zalesla The 
presence of Lojic acid m the metabohsm sohitioD 
IS readily recognised o-icing to the intense Uood 
red colour which it gives with feme chloride 
It can be obtained in la^e yield under amtable 
conditions thus Katagin and Latabara claim 
yields of 63-d6°o from Aspergillus oryae when 
grown on 5-20% glucose 6olutioD3atapBof2 1 
2 - Hydroxymethylfurane - 5 - carboxylic 
Acid — 2 Hydroxymethylfurane 5 carboxylic 
acid, CgHg 04 was obtained by Snnuki (Bull 
Agnc Chem Soc Japan, 1929 5 10, J AgnC 
Chem Soc Japan, 1931, 7, 819) from the meta 

bohe products of ^ jlaucua grown on glucose or 
aucroee media The acid is also formed by A 
clarutus, ntyer, oryase and tcenlii 
The pyrone and furane products may perhaps 
be denved from the pyranose and furanose 
Sinara respectively if it is postulated that the 
mould IS able first to synthesise the requisite 
hexose when the carbon is not euppbed in this 
form This condition is necessary since kojic 
acid is obtainable by fermentation not only of 
bexoses but also of manmtol, xylose arabinose 
and glycerol 


HOOC HC< 


.CH COOH 


O 

OsldoethTicoe>a^ dicarboxyhc acid 

CO 

HO CiT'^^CK 


jiCCHjOH 

Eo;ic add 

"'nr” 

HOOCCii 


'CCHjOH 




TetrOnic Acid Senes ~Ac interesting 
aenes of acids was obtained by Clatterbuck et 
al {Biochem J 1934 28 94, 1935 29 300 871 
1300) from Ptnxeilliunt charlestt, a mould 
isolated from ejwiled mane The^ acids, l-y 
me/Aybe/rome acid, CgHgO, mp 115*, carolie 
acid, CgHjgO^, mp 13i°, earolinic acid, 
CgHjgOg mp 129°, carUe aetd C,gHj^Og, 
mp 176°, and earlosie aeid, CjgHjjO,, mp 
181°, all contain the tetronic acid grouping and 
are related in structure to ascorbic acid Later 
another member was added to the senes namely 
terrutne acid. CjiHijO, m p 89°, obtamabl© 
by the agency of P (erreHre from glucose 
(Birkmshaw and Itaistnek Biocbem J 1936 
30, 2194) It IS an ethyl carolic acid 
HO 


CHjHC 


;co 


V-J£ethjU*troid4 add. 


HO C. | C CO CHj CHt COOH 

HCl Jc 


CH, HCl JeO 



.C COCHjCHjCHC,H, 

ICO 


Terrestne acid 


I 


-C — 

c'h 


-CHCOCHjCH, CH, 

Jeo 


H,C O 

Carhc and 

HO C , . C CO CH, CH, CH, 
HOOC CH, Hcl^JcO 
Carlo^ic acid. 

Pcnicillic Acid — Pemcilhe acid, CgHjoOi 
_i p 83-84°, m the lactone form has a molecular 
constitution not unlike that of the above 
of acids It was first isolated by Alsbeig and 
BUck (Bull US Bur PI Ind Lo 270) from 
PeTwciUittwi pubenilitm Baimer, also aii.otg,auiam 
obtained from monldy maize It was obtained 
m fair yield from P et/dopium by Birkinshaw 
dal (Biochem J 1936 , SO, 394) and was shown 
to have the etructure y keto ^ methoxy 5 
methylene ^u-heienoic acid or the correspond 
ing hydroxylactone form 

CH,CMeC{OH)C(OMe) CH CO 

I o 

Certain hydroxylated tnbasic aliphatic acids 
which are found m the lactone form are also 
included in this group 

Spicuiisponc Acid and Related Acids — 
Spicnhsponc acid, CjjHggOg m p 145-146°, 

13 the lactone of y hydroxy fiS-dicarboxypenta 
decoie acid It was isolated together with y- 
letopentadecoic acid, C„H„0,, m P 92 6,“ 
from the metabolic products of P spicuUspantm 
Lehman, by Clutterbnck et al (PhiL Trans 1931, 
B, 220, 301) Birkinshaw and Baistnek (Bio- 
chem J 1934, 28 82S) obtained a similar acid 
ffltniolu/eie acid, C|.H,gO,, mp 171, from P 
sninio luteum DiereVx, together with spculi 
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sporic acid. Miniointeic add has the constitti 
tion c:5-dihTdrosT-^/-dicarhoxy-B-tetradecoic 
add y-lactone. 

Cabboctuc CojrPOTrsBs. 

Terrein.— Terrein, CgH^oOs, m.p. 127% is a 
nential suhstajice of highly redudns properties, 
isolated by Raistrict and Smith (Biochem. J. 
1935, 29, 606) from the metabolic products of 
Asperaillus ferreus Thom, gromi on a glucose 
medium. It vr&s shomn by Clntterbuck et cL 
{ibid. 1937, 31, 9S7) to hare the constrtntion 4- 
propenyl - 2 - hydroxy - 3:5 - oxidocyclopentan - 
1-one. 

CO 

HC\ CH-OH 

\ °\/ 

CHj-CH-.CH-HC ^CH 

Palitantin. — Obtained by Birfcinshau" and 
Raistrick (ibid. 1936, 30, SOi) from Penicillium 
palifans, palitantin, C14HJJO4, m.p. 163% is an 
unsatnrated hydroxyaldeliyde, the constitution 
of ■Sihich has not been completely determined. 
It probably contains a cyclohexane ring. 

Aromatic Series. 

BeX-ZESS DEETTAXtTXS. 

Methylsalicylic Acid, Gentisic Acid and 
Mellein . — Penicillsum ffriseo-fulrum Diercfcx, 
according to the conditions under uhich it is 
grotm, produces 6-hydroxy-2-methyibenzoic 
add, C5H5O3, m.p. 17Cf-171% giving an intense 
purple colour uith FeCIj. or gentidc acid (2:5- 
dihydroxybenzoic acid), giving a pure blue with 
ferric chloride (Anslow and Raistrick, ibid. 1931, 
25, 39 ; Raistrick and Simonart, ibid. 1933, 27, 
628). 

• MePein, CjpHjoO-, m.p. 5S% was obtained 
by Nishikawa (J. Agric. Chem. Soc. Japan, 1933, 
9, 772. 1059) :tom AsjKrgillus mdleu-s Yukawa, 
and later by Yabnta and Sumiki (ibid. 1933, 9, 
1264 ; 1934, 10, 703) from A. ochraceits. They 
showed that it is a lactone of 6-hydroxy-2-a- 
hydroxypropylbenzoic add. On ftision with 
potash it is converted into 6-hydroxy-2-methyl- 
beirzoic acid. 


OH 



COOH 


OH 

Gentisic acid 


OH 

(^'^.COOH koh 


fusion I 


L^Gh, 

6-Hydroxy.2- 
incthylbcaicic acid. 



06 

et al. (Biochem. J. 1932, 26, 1441), Clutterbuck 
and Raistrick (ibid. 1933, 27, 654) and Oxford 
and Raistrick (ibid. 1932, 26, 1902 ; 1933, 27, 634) 
which may all be regarded as derivatives of 
2:4-dihydroxybenzoic add. 

The most complex of these adds, mycophenolic 
add, Ci-HoflOg, m.p. 141% was probably first 
obtained in 1896 by Gosio, and later described 
by Alsbeig and Black (BnlL U.S. Bur. PL Ind. 
No. 270) as a product ofP. stoloniferum Thom. 
It yields a blue colour with ferric chloride. 
The constitution of this add and the other acids 
from P. brexi.com'pacium are shown below : 

OH 

.-^^000 H • 


HO' 


CH.-COCH3 


OH 


HO'. 


■jCOOH 

JcH(OH)-COCHj 

ChoHjijOs. 


HO' 


OH 

0 COOH 

C(OH)j,-CO-CH 3 

OH 

HOOCf^ '^O 

CH3 '' -J 

Mycopbenolic add, Cj-Hj^Os. 

OH 

/^.COOH 


CH3O' 



HO 


COOH 


3:5-Dihydroxypbth3lic add, CgHj-Oj. 

Citromycetin. — Citromycetin, 

CiiHjoO-,2 H.O, 

was obtained bv Hetherington and Raistrick 
(Phil Trans. Roy. Soc. 1931, B, 220, 209) from 
various strains of Citromyces on a modified 
Czapek-Dox glucose medium. It crystallises 
in lemon-yellow needles darkening at 2Ga , 
m.p. 2S3-2S5' decomp., and affords an olivc- 
<Treen colour with ferric chloride. The constitu- 
tion has not been completely determined but 
it may be represented as 


Welldn. 



Fulvic Acid. — Folvicadd is a yellow crystal- 
Products of Pendman ireriVoJVi>7r'«ri.--j line phenoh'c acid, CjjHi.Oj, m.p. 246' 

Tins organism has fumhhed a series . of ; by Oxford fi aL (B:och^ X 
related compounds in the hands of Clutterbuck I from the mr>.a j p. ». 
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gnscofuhum Dierckx wkeii grown on glacose 
solutions with ammomum salts as somto of 
nitrogen It gires a deep green colour with, 
aqueous feme chlonde It is obtained in larger 
yieldfromP ^«xuos«>nI)ale, andP ire/eMiuRum 
Dodge, and is found mostly m the mycelmrt of 
the latter orgamsm 

Qotnoves AVI) Qoinovoid COMPOOSns 
Benzoquinone Series — Several compounds! 
of this type have been isolated from the meta I 
boho products of moulds Birkinshaw and I 
Raiatnck (Phil Traus Ttoy Soc , 1931, B, I 
220, 245) ohtamed from strains of PeniciHium 
apinulosMm a methoxydihjdroiytoluquinonc, 
CgHgOc forming purple black crj’^tal^ m p 
201® Ihis was later given the name apmulosin, 
and shown by Anslow and Raistnck (Biochem 
J 1038, S2, 687, 803) to have the constitution 
3 G dihydroxy 4 methoxy 2 5 toluqmnone A 
new product, /umiga/in, obtained by 

these authors from Aeper^illxi fumigalus, cry 
stalhses in maroon colour^ needles, m p IIC® 
The constitution of fumigatm proved to be 3 
hjdroxy 4 methoiy 2 5 toluquinone It thus 
differs from spinulosm m lacking one OH group 
present in that substance, the onentation of 
the other groups being the same m the two 
compounds Fumigatm may be readily con 
verted into spinulosm in «/ro by means of the 
Thielo Winter reaction A colourless tetra 
acetate is obtained which when hydrolysed, 
gives the corresponding tetrahydroxyinetboxy 
toluene On oxidation tho tetrahjdroxy com 
pound affords spinulosm 

Dihydro/umt^altn, CgHi^O, m p 90-101®, 
the quinol corresponding with fumigatm and 
obtainable from it by chemical reduction, was 
also isolated from the raetabohsm solution of 
A fumrgalui 

Ph«nlcin — Phcciucin, CnHjflOj mp 230- 
231®, yellowish brown crj-stals, was isolated by 
Fncdhcim {Compt rend Soc Biol 1933 112, 
1030) from Penieilhum pAcrniceum grown on 
beer wort On investigation by I’osternak 
(llclv Chim Acta 1938, 21, 132C) it was found 
to have the constitution 4 4 dimethyl 2 2 
dihvdroxydiqumone Phmnicin is thus closely 
related to fumigatm since it may be regarded as a 
product of union of 2 mol of tho latter with 
elimination of the raethoxy groups 
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O 

^rtaulaaln 
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iOH 

OCH, 


H,C, 


OH 

OCH, 


IViedheim has shown that phoenicm acts as a 
catalyst of biological oxidation, and it is sur 
pmed that all these qumones mav form oxido 
reduction systems and thus be of considerable 
{mportance in mould metabohsm It is sigm 
cant in this connection that both fumigatm and 
jts corresponding qumol have been isolated 
from the same metabolism solution In the case 
of Agpergtllus glaucus, two of the pigments 
I olated appear to have the qumol structure 
Aspergillus Glaucus Pigments — Gouldand 
Raistnck (Biochem J 1934, 28 1640) isolated 
from the mycehum of species of the A glaiieus 
senes three crystalline pigments JUitoglauein, 
C,^H{j 03 mp 105°, auro^faucin, 
mp 162°, and nibroglaucin More than 40% 
yielils of crude pigments may be ohtamed from 
the dned mycehum AurogKucin is constituted 
similarl 5 to ffavoglaucin but contains three 
additional double bonds , the same substance, 
may be obtained from both pigments 
They are probably derivatives of quinol and 
according to Crmckshnnk et al (JCS 1938, 
2056) have the constitution 

OH 


R-[CH|)| CH,— flavoglaucin 
R-ICH CH], CH}— BurogUuelD 

Rubroglancin has now been shown to be a 
mixture of piystion and a new product, tryikn 
^fauciR, which is 1 4 5 7 tetrahydroiy 2 methyl 
anthmquinone, » e the 7 methyl ether of 
catenarm 

Chrysegemn — Chry«ogenin is a yellow pig 
fflcDt associated with ft protem found in the 
metabolism solution of P c^rysoyeiium Thom, 
when grown on glucose medium (CTutterbuck 
ei al Biochem J, 1932 26 1907) It is nuent 
crystaUine, has a high rotation [u]jni-7C2°, and 
gives an ohve brown colour with aqueous ferric 
chlonde It probably contains a quinol nucleus 

Cilnnin — Citnnin, CuHi^Oj mp 166- 
170° (decomp), is a golden yellow ciystalLne 
colounog matter obtained from P ednnum 
Thom, on a roodiGed Czapek Dox glucose 
medium It was isolated by Hethenngton and 
Raistnck (Phil Trans Rov Soc 1931, B, 220 
269) From a study of its breakdown products 
Coyne, Raistnck and Robinson (itid 1931, B, 
220 297) assigned to jt the quinonoid constitn 
tion 


C|0OH HO^CH. 


C,H. 

^^^oh 


I '^V:cooH 

CHj HC O 

Anthraqulnone Pigments —The genus Ilel 
, .•iintAojporiuni has affonlcd an interesting range 
lot pigments belongmg to this group JJ 
I graminrum Rabenhorst, when gr own on a 
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glucose medinm. produces considerable amounts 
of crystalline hydroxyanthraquinones Trliich are 
found in the mycelium and may compose up to 
30% of its rreight. The pigments consist of 
helminlhosporln. C15H10O5. and caienariti, 
^is^io®6» of 2-3:1 (Charles et ol. 

Biochem. J. 1933, 27, 499). H. c^.odontis 
MarignonijUnd H.eiichlacnaeZimmerma'nn, afford 
another hydroxyanthraquinone, cyr.oiontin, 
CjjHjoOg. A fourth member of this group, 
tritis^rin, CjsHjqO-. is produced by H. 
iriUci-itdgaris Nisikado. All the species of Hel- 
tninihosporium which have been found to yield 
hydroxyanthraquinone pigments in appreciable 
amount are comprised in the sub-genus Cplindo- 
Edminihasporium, whereas the members of the 
sub-genus Eu-Hdmint7iOTporium are lacking in 
these colouring matters. 

The constitutions assigned to these pigments 
are as follows (Eaistrick d al. ibid. 1933, 27, 
1170; 1934, 28, 559; 1940, 34, 1124; J.C.S. 
1933, 4SS) : 



Helminthosporin. 



Tritisporin. 


In tiitisporni the position of the CH.-OH 
group is uncertain but it must occupy one of 
the two positions indicated. 

The formation of hydroxyanthraquinones is 
not to be regarded as a monopoly of the genus 
Jffcimiriffiospori uirs. Various species of AsperusTli 
and PcniciUia have recently been shown to pro- 
duce these pigments. As already stated, eiythro- 
glaucin Sum A. gJaucus is the 7-methyl ether of 
catenarin; it is associated in the mycelium 
with physcion or emodin monomethyl ether 
(4:5 - dihydroxy - 7 - methoxy - 2 - methylanthra- 
quinone) and its 9- and lO-anthranols (Ashley 
cl c7., Biochem. J. 1939, 33, 1291). Two de- 
rivatives of /roTigiilo-emodin (4:5:7-trihydroxy- 
2-methylanthraquinone) were obtained by Ans- 
low ei cl. [ibid. 1940, 34, 159) as metabolic 
products of a strain "of P. cpdopium Vestling. 


These were identified as ta-hydroxyemodin 
(R=CH.-OH) and emodic acid (R=COOH). 



The pigment obtained by Postemafc (Compt. 
rend. soc. phys. hist. nat. Geneve, 1939, 56, 
28) from P. cifreo-raseum was found by direct 
comparison to be cj-hydroxyemodin. 

From P. carmino-riolaceum Biourge grown on 
a glycerol-salts medium Bfrnd (Biochem. J. 
1940, 34, 67) obtained two new hydroxyanthra- 
qninones, carvidlin, CjgHijOg. and canddacin, 
CjgHigO-, which are derivatives of 2-methyl- 
anthraquinone. Carviolin, chrome-yellow cry- 
stals, m.p. 286", has been ^own {ibid. 1940, 
577) to be a monomethyl ether of o-hydroxy- 
emodin. Carviolacin, light brown needles, m.p. 
243" (decomp.) is also a monomethyl ether and 
yields 2-methylanthracene on zinc dust distil- 
! lation. 

j Igarasi (J. Agric. Chem. Soc. Japan, 1939, 15, 
225) believes the colouring matter funiculosin, 
Cj-HjjjOj, obtained from P. fiiniculosum cul- 
tures, to be a trihydroxymethyl- or a (hydroxy- 
methyl) -dihydroxy-anthraquinone although he 
obtains anthracene not methylauthracene on 
zinc dust distillation. 

Penicilliopsin. — ^This colouring matter, ob- 
tained from cultures of Penicilliopns davariae- 
formis grown in the dark was characterised by 
O.xford and Eaistrick (Biochem. J. 1940, 34, 
790). Penicilh’crpsin, orange prisms, 

m.p. 330" (decomp.), is oxidised in air in suitable, 
solvents to oxypeniciHiopsin, CjuH.pOj. purple- 
black crystalhne aggregates, m.p. above 360% 
solutions of which on exposure to light are con- 
verted into an isomeric irradiation product 
consisting of chocolate-brown needles of m.p. 
above 370% which give intensely fluorescent solu- 
tions. The colouring matter from naturally 
occurring specimens ofP. dacariacformis, which 
was formerly known as mycoporphyrin, was no 
doubt a mixture of penicilliopsin and its con- 
version products. Inadiated oxypenicilhopsin 
is closely related to, but not identical with, 
hvpericin, the colouring matter of St. John s 
wort, Hvpiricum] peiforalum^ which causes a 
condition of fight sensitiveness in animals. 

Since penicilliopsin gives frangula-emodia- 
anthranol on heating alone and tetranitroemodin 
on oxidation with nitric acid it may be a poly- 
hvdroxy derivative of a reduced mesodimethyldi- 
anthrone. 

Ravenelin-— The mycelis of Edminibo- 
fporiiim racersdii Curtis, and E. iurcicum Passe- 
rini. grown on a glucose medium, contain a cry- 
stalline trihydroxyxanthone pigment, ravenelin. 
C,.H,nO-, having the constitution shown below 
(Emstrick cl al. Biochem. J. 1936, SO, 1303) -• 



EaveneUn. 
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Sulochrin. — Xishikawa (Acta Phytochiia. 
1939, 11, 167) extracted firom the myceliimi of 
Oospara sulpTiuraz-ocTiracea van Beyma a number 
of crystalline products labelled A to G u-hich 
are, -prith one exception, of unknouri con- 
stitution. The exception is product B, 
Cj-HjgOy, yellou- needles, m.p. 262% rrhich has 
been named sulochrin and to which the following 
constitution has been given : 



It is evidently closely related to the chlorine- 
containing compound geodin and erdin (sec 
p. 5S). 

SXEBOLS. 

A number of references are found in the litera- 
ture to the isolation of sterols from the mycelium 
of the lower fungi, but owing to the difficulties 
of separation many of the products obtained 
were probably mixtures. 

Ergosterol. — ^Ergosterol has, however, been 
separated and characterised by methods which 
put its identity beyond doubt. The yields 
obtained are variable, depending on the organism 
and the method of cultivation. Heiduschka 
and Lindner (Z. physioL Chem. 1929, 181, 15) 
determined the ergosterol content of Demaflum 
puUular.s, Penicniium glaucum and Aspergillus 
oryzfs as 0-30, 0-7o and 0-46% respectivdy of 
the dry matter. Sumi (Biochem. Z. 192S, 195, 
161 ; 1929, 204, 412) isolated 0-0S% of crude 
ergosterol from the spores of A. oryzse, and 
Takata (.J. Soc. Chem. Ind. Japan, 1929, 32. 
157 [B]; Suppl. 26S) obtain^ a yield of 
0-02S^o from the mycelium of the dried 
organism. 

The sterol formed by P, pubendum Bainier, 
when grown on a Czapek-Dox medium contain- 
ing glucose as sole source of carbon, was isolated 
and characterised by Birkinshaw ef al. (Biochem. 
J. 1931, 25, 1977). Final proof of its identity 
with ergosterol was afford^ by its absorption 
spectrum and its antirachitic activity acquired 
after irradiation. This affords direct evidence 
of the synthesis of ergosterol from glucose. 

Ergosterol is found in mould mycelium not 
only in the free state but also as esters. Oxford 
and Eaistrick (ibid. 1933, 27, 1176) isolated 
crystalline ergosteryl palmitate from the my- 
celium of 14 out of 15 strains of P. trcri- 
compacium Dierckx, and from the mycelium 
of P. iialicum Wehmer. P. aurardio-griscum 
Dierckx var. pe/znaniensis ZalesM, was found to 
contain as much as 0-5% of the ester. 

Fats axd Lirrs's. 

Fats and oils are of general occurrence ,in 
mould mycelium and can be obtained by extrac- 
tion of the dried material with light petroleum 
or ether. The quantity of fat can be greatly 
increased by adopting special conditions of 
culture, and seems to be favoured by a liigh 
sugar content of the medium. Thus Ward el 
al. (Ind. Eng. Chem. 1935,27, SIS), following on 


earlier work of Lockwood el al. (Z. Bakt. II, 
1934. 90, 411) fotmd that when P.javanicum was 
grown on a medium cont ainin g 40% of glucose 
the mycelium contained up to 41-5% of fat. 

The composition of the fat has been quantita- 
tively examined in some cases. Ward and 
Jamieson (J. Amer. Chem. Soc. 1934, 56, 973) 
report that the satorated acids obtained by 
hydrolysis of the oil amormted-to 30-8% of the 
total weight. They consisted of palmitic 69-5%, 
stearic 2S% and n-tetracosoic acid 2-5%. The 
rmsatorat^ acids (60-8% of the total oil) con- 
! sisted of oleic 52-1%, and a- and fi-hnoleic acid 
I 47-9%. _ 

The lipins of A. sydoiri were examined by 
Stro;^ and Peterson (ibid. 1934, 56, 952). They 
obtained 22% of fixe fatty acids and a phos- 
pholipin which was separated as a complex with 
magueaum chloride. The fatty acids (fixe and 
combined) consisted of palmitic S-S%, stearic 
11%, n-tetracosoic 0-9%, oleic 29-6%, linoleic 
16-3% and higher rmsaturated acids 1-7%. 
The water-solnble finction obtained after sapom'- 
fication of the fats consisted largely of glycerol, 
j Woolley et al. (ibid. 1935, 57, 25S9) have 
! exaroined the phospholipin fraction of A. 

■ svdotci. The phospholipins (0-4-0-7 by weight 
of the mycelinm) consist of a mixtnre of lecithin 
and kephalm. On acid hydrolysis they yield 
glyccrophosphoric acid, choline, cholsmine and 
oleic acid as chief products. 

The fat fixm A. Jiiger mycelium obtained fimrn 
a technical citric acid fermentation on molasses 
medium had the following composition (Bem- 
hauer and Posselt, Biochem. Z. 1937, 294, 215) ; 
glycerol 6-2%, total fatty acids 67-5%, saturated 
fatty acids 13-0% (palmitic 7-1, stearic 0-9, 
lignoceric 1-S), unsaturated fatty acids 45-4% 
(oleic 21-5, a-hnoleic 23-9) unsaponifiable 12-0% 
(ergosterol 1-4, other constituents 10-6). 

POLYSACCHAETDES. 

A xmmber of complex polysaccharides derived 
firom moulds have been recorded and the pro- 
ducts of hydrolysis examined. These cover 
most- of the simpler natural sugars and it is 
noteworthy that the monosaccharides which are 
employed in building np the complex molecule 
appear to bear no relation to the sugar used as 
substrate for the mould. 

“ Spore starch ” or “ mould starch,’’ which 
gives a blue colour with iodine, has been obtained 
from various species of Aspergillus and Peui- 
cillium. Whether the products from these 
different organisms are identical seems open to 
doubt. Schmidt (Biochem. Z. 1925, 158, 223) 
concluded that mould starch is identical with 
amviose and therefore with ssolichenin. The 
production of the material by -4. rdgeris favoured 
bv a strongly acid medium and its accumulation 
niav be due to inhibition of the diastase present 
in the mould by the acid (Hida, J. Shanghai Sci. 
Inst. 1934. [iv], 1, 85). 

From the mycelium of P. puberulum, Alsberg 
and Black (BuU. U.S. Bur. PI. Ind. Xo. 270) 
obtained a substance giving a violet colour with 
iodine and supposed by them to be identical 
with tTchalum from mazma. Dox and Xeidig 
(J. Biol. Chem. 1914, 18. 167 ; 19, 235) isolated 
from P. expansun mycodertran and from 
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A ntffer mycogalactan, giving respectively 
glucose and galactose on h^ydrolysia Neither 
polysacchande gave a colour with iodine 
Birkinshaw et al (Phil Trans Roy Soc 1931, 
B, 220, 163, 331, 355) obtained from a white 
Aiperfftllus a polysacchande reaembhng gly 
cogen Fu/nago tagans and Fenieillium dtgtia 
(um gave polysaccharides affording glucose on 
hydrolysis and giving no colour with iodine 
In certain cases the constitution of the poly* 
saccharide molecule has been determined i*. 
c^arlean 0 Smith, when grown on a glucose 
medium, yields two polysaccharides manno 
carolose, consisting only of mannose residues, 
and galaclocarolose, consisting only of galactose 
residues (Qutterbuck el al Biochem J 1934,28, 
94) Mannocarolose has a chain length of 8-9 
units of d mannopyranose bnked through the 
1 6 positions, a unique structure for a poly- 
raannose (Haworth el al Biochem J 1035, 29, 
612) Galactocarolose is composed of a diam 
of about nine galactofuranose units linked 
through the 1 6 positions (Haworth et al tbtd 
1937, 31, C40) Fananose, a polysacchande 
obtained from P varians O Smith, is con 
stituted of a chain of 6-8 p galactopyranoso 
units with a glucopyranoso unit as one end of 
the chain and a unit of either d idose or 1 altrose 
at the reducing end (Haworth el al ibtd 1935, 
29, 2008) 

Luiete aetd was obtained by Raisinck and 
Rintoul (Plul Trans Roy Soc 1931, B, 220, 
255) as a metabolic product of a non ascosponc 
formofP luleum Zukal, grown on a Cxapek Dox 
glucose medium The acid has a bigh molecular 
weight and on acid liydrolvsis affords glucose 
end malonio acid With dilute banum 
hydroxide the malonic acid is removed and a 
neutral polysacchande luleoee is obtained giving 
only glucose on hydrolysis Luteio acid is 
obtainable not only from glucose but also from 
fructose, mannose, galactose, xylose, arabmose 
and glycerol (Birkmshaw and Raietnck, Bio 
chem J 1033,27,370) A polymannose and a 
poljgnlnctose are also syntbosised by the mould 
in smaller amounts, the former Ix^ing produced 
in the early stages and the latter m the later 
stages of growth (Anderson and Raistnck, i6id 
103C 80. IG) 

CoJirou'iDS Co’rrAiKn>o Ei-eme''ts othek 

TnA*i CaBDOV, IltDBOOEH AND OxYOE'l 

Arsenic Compounds — Vanous cases of 
arsenical poisoning have been found to be 
cau’ed b} the action of mould growth on damp 
wall papers containing arsenic (t Absesioals, 
OnOAxic, Vol I, p 483 ) 

Chlorine Compounds — A strain of ^ ter 
reus Thom, u hen gromi on Cxapek Dox eolation I 
containing KCI as the sole source of cblonne, | 
gives nse to two yellow crjitallmo metabobc 
products, geoJin, Cl,H„0,CL, mp 235® 
(decomp ), la]j,|,+ 170® in chlorolorm and erdin, 
211* (decomp), optically 
inactive (Raietnck and Smith, i6i<f 1936, 80,1 
1315) These two compounds are closely related I 
In structure, peodin Ijcmg the dextro rotatoiy 
isomende of a monomethyl ether of the optically 
Inactive crdin (CTutterbuck el el tbiiJ 1037, 81. 
1099) 


The constitution of dihydrogeodin tnmethyl 
ether has been shown to be methyl 3' 5' dtehloro 
46 2'G'‘tetTamethoxy-i' methylbemophenone 2* 
earboxylafe and of dihydroerdm tnmethyl ether 
to bo 3' 5' dtehloro 4 6 2' 6' teframethoxy 4' 
methylbetizophenoTie 2 carboxylic acid (Calam et 
al,tbtd 1039,83,670) 

Another ehlonno • containing compound, 
namely gnseoftilvtn, Cj^H^jOeCI, m p 218- 
219*, was isolated by Oxmrd el al , tbid 1039, 33, 
240) from the mycelium of PentetHtum gnaeo 
ftdvum Dierckx, grown on a modified Czapek 
Doi medium A provisional structural formula 
was advanced : 

OCHj CH 
C'^ ^CO 


ol/o. 


CHCHj 
COOCH, 

In view of these discovenes a quantitative 
survey was made by Cfiutterbuck g| al (ibid 
1940, 84, 664) of the chlorine metabolism of 139 
epcciea or strains of moulds grown on Czapek* 
Dox 6% glucose medium containing 0 06% 
of KCI as sole source of chlorine Of the species 
or strains examined 67 utilised less than 6% 
of the KCI , 77 utihsed 6-25% of the KCI (this 
group includes P gristofulvum) , only 6 cultures 
metabolised more than 26% of KCI Two of 
these were strains of A terrtus Thom one of 
which produces geodm and erdm, another was 
Absidta aptnosa Lindner, and the remaining two 
were strains of Caldanomyetsfumago Woronehin 
From the last named fungus a new product, 
caldarumyctn, was obtained by ether extraction 
of the metabobsm solution Caldanomycm, 
C|HgO}Clt. mp 121*, probably has the con 
atitution 2 2 dicbloroeyciopentane I 3 diol, and 
w thus akin to terrein which also contains the 
eyefopentanone ring 

It IS noteworthy that C funago also converts 
KBr, when present in the same medium m place 
of KCi, into organic bromine containing meta 
bolic products which have not yet been isolated 
in a state of purity 

Nitrogen Compounds —Oxford el cJ (ibid 
1935, 29, 1102) obtained from the mycelium of 
P (rnaeo/uirum Dierckx, a colourless crystalline 
nitrogenous substance, CjjHjgOjN, winch 
IS an acid and yields a hydrocarbon on 
hydrolysis Another crystalhno nitrogenous 
product, CigHggOjN, was isolated from the 
mycelium of P brtfeldianum Dodge Woolley 
and Peterson (J Biol Chem 1938, 122, 213) 
recorded the isolation from the dned mycehum 
of A sydorci of cyclic choline sulphate in 0 20% 
yield This was obtained both from autolysate 
and from an acetone extract of the defatted 
mycelium 

Proteins are elaborated by the lower fungi as 
necessary constituents of the cell, but they are 
sometimes excreted mto the metabolism sola 
tion The protein found in the metabolism 
solution of P ehrysogenum, m association with 
the pigment, closely resembles a typicai alkaii 
•olublo leaf protein (Clutterbuek el al Biochem. 
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J. 1932, 26, 1907). Gordca ei al. (ibid. 1934, 28, 
504), br fractionation of tbe nitrogenons pro- 
ducts of the mycelium of A. fiscJieri, obtained 
30*)o of -water-soluble non-protein nitrogen, 
55% of alkali-soluble protein nitrogen and 12% 
of alkali-insoluble residual nitrogen. The alkali- 
soluble protein contained one fiuction precipi- 
tated by acids and a second acid-soluble fraction 
precipitated by copper sulphate solution. The 
residue contained 2-3% of nitrogen, of which 
62^0 -was glucosamine nitrogen. Glucosamine 
was also identified in the hydrolysis products of 
P.javanicum bv ila-r and Ward (J. Amer, Chem. 
Soc. 1934, 56, l597)‘. 

The constituent amino acids of the mould 
proteins have not been fuUy investigated, al- 
though feeding experiments on rats have shown 
that the proteins of A. sydoici are insufficient 
for maintaining growth unless supplemented by 
proteins from other sources (Gorcica el al. J. 
Nutrition, 1935, 9, 701). 

E::rzniES. 

Moulds contain a rich variety of enzymes, some 
of which have industrial applications. 

Gallic Acid Fermentation — Gallic acid is 
prepared from the glucoside tannin by the action 
of the hydrolytic enzyme (annoic which is pro- 
duced by the growth of A. niger on solutions 
containing tannin and suitable nutrients. The 
enzyme can then be separated and used to 
hydrolyse solutions of pure tannin to gallic acid. 

In the old industrial process ground gall-nuts, 
which contain a high percentage of tannin, were 
moistened, pfied in heaps, and maintained at 
about 30°. The heaps were stirred at intervals. 
Moulds developed throughout the mass and after 
about a month, the gallic add -was leached out. 
The process has been much improved and clear 
tannin extract is now used. The sterile extract 
is inoculated -with a species of Aspergillus, and 
the solution is agitated by blo-wing air through 
it. When the tannin has entirely disappeared 
the gallic add is recovered from the liquor. 

Oriental Food Fermentations. — The sake 
fermentation, shoyu making and numerous other 
fermentations practised in the Orient make use 
of spedes of Aspergilli as well as mucors, yeasts 
and bacteria in their empirical production of 
foods and liquors. These fermentations usually 
make use of a starter (koji) which consists of 
masses of rice, soya beans, or other material from 
previous successfiil fermentations for use in the 
production of successive fermenting mashes, or 
for commercial distribution. 

The sahe fermentation utilises the diastatic 
activity of A. oryzs. for the saccharification of 
the starch of rice for fermentation purposes. 
The alcohol production is said to be due to the 
yeasts present. Certain selected strains of the 
organism -with high diastatic power are pro- 
pauated and sold under the name of “ Tane- 
loji ” or “ SaH-}:ojL" 

In the soy fermentation the proteolytic activity 
of the motd^ (flavus-oryzse group) is the impor- 
tant factor. The soya bean contains a high per- 
centage of protein which is hydrolysed by the 
agency of the strains selected for their protease 
activity although carbohydrate fission is not 
entirely suppressed. For soy sauce the koji is 


immersed in a brine of high sodium chloride 
content, and the digestion proceeds slowly. 
Yeasts are also believed to play some part in the 
proems, ^e finished product is a dark salty 
liquid which is used as a component of table 
sauces in Euroiie and America. 

“ Tamari" is another sauce which owes its 
individual flavour to the use of a specific mould, 
A. tamarii. 

“ Miso ” is prepared by mivi-ng cooked soya 
beans -with an Aspergillus koji, adding salt and 
ripening the mixture. 

Fish Fermentation. — ^A series of fermented 
products are prepared by the Japanese from 
fish; in some of these moulds are the active 
agents in producing the flavour and quahties 
desired. The product KatsuobusM is obtained 
by cutting the fish (of the tuna group) into strips, 
cooking, packing in masses and fermenting. The 
material is then dried for commercial distri- 
bution. AspergiUi belonging to the flaws- 
oryzse group, the ochraceus group and the glaucus 
group have at different times been claimed as 
the active agents of this fermentation. 

Taka-diastase. — Takamine and his associ- 
ates have studied the enzymic activities of the 
A. flatms-oryzre group and have patented the 
preparation of a number of products such as 
taka-diastase, and enzymic mixtures such as 
“ polyzime.” The production of these materials 
is based on the use of a cheap, bulky, fibrous, 
nutrient base which is sterilised, moistened, 
inoculated -with spores of the selected organism 
and incubated at the desired temperature. 
Growth is interrupted at the time of maximum 
enzymic activity and the commercial product is 
obtained by drying the mass or by extraction 
of the enzymes and subsequent purification. 
The product is naturally a mixture of enzymes, 
not a single active principle. Such crude enzyme 
mixtures are used in the desizing of textiles. 

Cheese Ripening. — ^The enzymes of moulds 
play a large part in the ripening of certam 
varieties of cheese. The Camembert-Biie group 
of cheeses obtain their texture from the pro- 
teolytic activity of P. camemberti Thom. In the 
ripening process which is conducted at 50-60° F. 
the surface of the cheese becomes covered -with a 
floccose white mantle of mould. In about 10 
days the mould becomes bluish- or greenish-gray 
! from developing conidia and the curd in contact 
■with the mycelium begins to soften to a smooth 
buttery texture. The reaction changes from 
acid to alkaline to litmus as the softening pro- 
gresses inward. In about 4 weeks the entire 
mass is softened. The change is associated with 
a proteolytic enzyme similar to erepsin which 
produces abundant caseoses but no putrefactive 
products. P. caseicdlum produces a cheese of 
somewhat different texture. According to Maze, 
however, the peptonisation is not due to the 
enzvmes of moulds, whose function is rather to 
destroy the lactic acid present and thus make the 
reaction of the medium favourable for the 
casease of the lactic enzymes everywhere 
present. 

In the group of green cheeses such as Roque- 
fort, Gorgonzola and Stilton the active organism 
is P. roqueforti. The cheese is here more open 
in texture and the mould develops throughout 
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the mass giving it the characteristic green 
marbled appearance The Roquefort mould can 
uitbstand a lower oxygen tension than any 
other species examined by Thom and Cume 
(J Biol Chem 1913, 15, 249) and hence is able 
to dominate the flora of the crevices within the 
cheese Cume showed that the characteristic 
flavour of this group of cheeses is due to the 
sphtting of the butter fat by the mould to pro 
duce a mixture of fatty acids different from that 
produced by bacterial activity 

J H B 

FERNANDINITE A hydrated calcium 
vanadyl vanadate, CaO V2O4 SVgOjMH^O, 
forming compact masses of a dull green colour 
or mmutely crystaUiaed as rectangular plates 
It dissolves readily in acids to a green solution, 
and sufficiently m cold water to give a yellow 
solution It occurs as an alteration product 
ofpatrontle at Minasragra in Peru 

L J S 

FERONIA GUM Wood apple gum ob 
tamed from Ftroma tltphantum Correa (Fam 
Rutaceae) 

FERRITE This term has unfortunately 
several different meanings To the chemist it 
implies a salt m which feme oxide plays the 
part of an acid, for example, barium femte 
BaFe.04 In a mineralogical sense it was first 
appheu by H Vogelsang, m 1872, to an amor 
phous iron hvdroxide, of unknown composition, 
which, as red and yellow particles, is present m 
many partlv decomposed igneous rocks In 
this sense the term has been used by certain 
petrologists for the patches of indeflmte ferru 
ginous alteration products seen under the 
microscope m thin sections of rocks The same 
name has also been applied to ferruginous 
pseudomorphs after olivine occurring m the 
uolentie rocks of the neighbourhood of Glas 
gow (51 r Heddle, 5Im 5I«g 1882. 1887) 
It has also been much used by metallographers, 
following II M Howe (The 5Ietallui^ of 
Steel, 1890), for pure metallic iron, which, to 
gether with iron carbide, etc , forms one of 
the microscopic constituents of iron and steel 
Later, the same name was applied by V 1 
Vemadskj, in his Russian "Treatise on 
51ineralogj ,’ (St Petersburg, 1008), to native 
iron, for example, the terrestrial iron from Ovifak 
on Disko Island, Greenland 

L J S 

FERRITUNGSTITE. Mmeral form of 
h3drated feme tungstate, FejOjWOjSH.O 
(Schaller, Amer J Sci 1911, [ivj, 32, 101) 
FERROAXINITE (Vol I, CCOd) 
FERROBRUCITE(Vol 11.1106) 
"FERROCHLORE"(Vo1 IV,21d) 
FERROCHROME (Vol III, lOM) 
FERROTUNGSTEN. An alloy of iron 
with tungsten usually containing 80-85% of the 
latter 

FERRUCC1XE. Sodium fluoborate, 
NaBF,. 

occumng aa minute orthorhombic crystals, 
together with orojadri;« KBF4, malladnte 
NSjSIFg, httntilt KjSIF,. and sossolite 
Hj60|. in sabne encrustations from fumsroles 


m the crater of Vesuvius Named after Ferruccio 
Zambomm (1880-1932) of Naples (G Carobhi, 
Penodico Min 1933, 4, 410) 

L J S 

FERSMANITE. Titano silicate and fluo 
Tide of calcium and sodium, 

2Naj(0,Fj) 4CaO ATiOj 3SiOj, 
occurring as monoclinic crystals, previously mis 
taken for sphene, m nepbeline syenite from the 
Kola peninsula, northern Russia (A N Labun 
tzov, Compt rend Acad Sci URSS 1929,297) 

L J S 

FERULIC ACID.CioHioO*. m Methoxy 
p hydroxy cinnamic acid, 

MeO C,Hs{OH)CH CH COjH, 
occurs in asafoetida resin (Hlasiwetz and 
Barth, Annalen, 1866, 188, 64), m opopanax 
(Tschirch and Knitl, Arch Fharm 1899, 237, 
256) , in the resin of the black fir (Bamberger, 
klonatsh 1691, 12, 441), and in various other 
reams (Karrer and Schwarz, Chem, Zentr 1932, 
II, 1639) The alcohohe extract of asafoetida 
ream is precipitated with lead acetate, and the 
precipitate of lead ferulate is decomposed with 
sulphuric acid It can be synthesised by several 
methods by means of Perkin's reaction by 
beating together vanillin, acetic anhydride and 
dry sodium acetate, and decomposmg the acetyl 
ferulic acid thus formed with potash (Tiemann 
andNagai, £er 1878,11,647), by treating the 
methyl ether of p ammo m coumario acid with 
eo^um nitrite and decomposing the diazo 
compound thus produced with water (Ulrich, 
Jahresber 1885,2093, c/ G P 32914. Frdl 
I 688), and by warmmg a mixture of vamllin 
and malonic acid in pyndine solution with a 
htUe piperidine (Robinson and Shmoda, J C S 
1025. 127, 1973, Dutt, J Indian Chem Soc 
1025,1,297} Rhombic needles, m p 168-169°, 
almost insoluble in cold water, readily soluble 
m alcohol, leas soluble m ether (Tiemann and 
Nagai, Ber 1876, 9, 416} The solution gives 
with lead acetate a yellow flocculent precipitate, 
wrt’n lemc c’n’ion&o a ye’iowis'n 'orown precipi 
tate, and reduces silver nitrate and Fehlings’ 
solution on warming Fusion vnth caustic 
potash converts it into acetic and protocatechuic 
acids It IS easily decarboxylated by copper 
powder in quinoLne to give a good yield of the 
corresponding styrene, which has a strong odour 
of cloves (Proram, Annalen, 1927, 456 168, 
Reichstein, Heir Chim Acta, 1932, 15, 1450) 
It IS reduced by sodium amalgam or Pd/CaCOj 
in hydrogen to the dihydro acid, CioH|j04, 
ro p 89-90* (Brand and Westerburg, Arch 
Pharm 1931, 269, 326) With methyl alcobohc 
sulphuric acid it gives a dimenc methyl ester, 
which can be hydrolysed to the dimeric acid, 
but ethyl and propyl alcohols give the normal 
esters (Tanaka, Sci Rep TAhoku Imp Univ 
1920, 18, 610) \tith methyl sulphate it yields 
3 4 dimethoxy cinnamic acid (Robinson and 
Shmoda, J C S 1925, 127, 1973) Oxidation of 
the acid with feme chloride in aqueous alcohohc 
solution leads to dehydrodifenihc acid, 
“P 202-205* (smtera at 195*) 
(Erdtman, Svensk Kem Tidskr 1935, 47. 223) 
Certain substituted amides of feruhe acid form 
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corapound? -rnth cclds ard sinmoiiia, tjg. the ; 
httizvlatnide. Cj-Hj-OjN, civcs coaipotinds 
^th iH.SO^. H.Sd^. HCI and NHj (Koba- 
yashi, Sci. Papers Inst. Phxrs. Chem. Res. Tokyo. 
1P27, 6. IS5). For a microohcciiKil test for 
feraiic add in ptarmacenticci prodccts, eee 
Rosenthaler. Pharm. Zentr. IPdo. 67, 353. 

isoTcrvllc Acli Is n-hydroxy-p-methorv- 
cinnamic acid; it is also kno^rn as Hc'^pintir.ic 
cad (Tieminn and Will. Ber. !SS1. 14. P4S). 

FERVANITE. Hydrated vanadate of iron. 
2FejO,-2V.Oj-5H.O. A goldea-bro^vn fibrous 
(ntonociinic) mineral, surnestive of stained 
cypsuin, occurring rdth vanadium and ttraniom 
iraprernations in sand-tone in Grant Co., Utah, 
and San 3Iirue! Co., Colorado (E. P. Henderson 
and F. L. Eks, Amcr. JlLn. 1P31, 16, 273). 

L. J. S. 

FERTILISERS or MANURES. Either 
of these terms might pnop^rly be applied to any 
material added to the soil for the purpose of 
increasing its fertility, and, in this sense, tronid 
be extended to include Hme. chalk, marl and 
even clay and sand. In common practice, 
hovrever, the term *' manure " or ‘‘ fertiliser " is 
restricted to materials the main function of 
vrhich is to convey directly to the sail some con- 
stituent or constituents of plant food, to the 
exclusion of those of isrhich the fertflisiag action 
is mainly indirect, consisting in the improvement 
of the physical condition of the sod or the 
development of its inherent or natural chemical 
resources. It has been long recognised that the , 
chief constituents of plant food mhich are 
naturally taken up from, the soil are nitrogen. I 
phosphorus, sulphur, potassium, calcium, mag- 
nesium and iron, together trith the perhaps less ] 
important constituents silicon, chlorine and 
sodium. 3Iodcm trork, hortever, has shotm 
that minute quantities of other elements — 
irotably boron and manganese — are essential 
factors in the healthy grOTrth of many plants, 
and ir appears possible that minute traces of 
copper, ziuc, cobalt and perhaps other elements 
of lonu unsuspected importance may also play 
a part in plant nutrition (r. Ase}. 

'Apart :^m calcium — the artificial supply of 
trhich is necessarv in special cases only — nitro- 
gen. phosphorus and potassium are, however, 
the most important constitnents to be applied 
as manure, as thev are those in which the soil is 
most generally deficient. 

3Ianures or fertilisers are sometimes classified 
as “ natural ’’ and “ artificiak” but the dividing 
line is not easilv drawn. In the present article 
we shall brieSy consider the principal substances 
employed as manures or fertilisers, passing on to 
observations as to the relative utility of some of 
them, and shall then refer to the special methods 
employed for their analysis. 

Farmv'ard Manure. — Farmyard manure 
and stable manme are composed of litter mixed 
with the excreta of animals. The litter in farm- 
vaids is usuaHv straw, but this has been to a 
larue and increasinu extent superseded in stables 
by dried and shredded peat moss. In some parte 
of the countrv bracken is used for litter, and in 
hop distiicfe hop-hine is thus worked up into 
manure. The composition, of the manure 
depends iuitiallv to some extent on the nature 


OR MAXCEES. 

of the litter, but to a greater extent on the, 
length of time the litter has been in use, the 
number and kind of animals littered on it, and 
the quantity and quality of the food consumed 
by them. Its fin^ value — that is to say, its 
value at the time of its application to the land 
— ^is also Lirgeli- governed by the mode of 
“ making,’" and the mode and duration of 
storage . In virtue of the large quantity of bulky 
organic or carbonaceous matter that it contains, 
it improves, by the formation of “ humus,” the 
phirsical condition of the soil, making “ heavy ” 
Eofis more open,” and fight ” soils more 
retentive. At the same time, it retoms to the 
land the mineral matter and much of the 
nitrogen previously removed from it in the 
form of straw, as well as much of the nitrogen 
and most of the phosphoric acid and potash 
derived from home-grown fodder consumed 
during irs production, reinforced by similar 
matter derived from the simultaneous consump- 
tion of additional purchased food. 

The proportion of the nitrogen and mineral 
matters absorbed and retained by animals from 
their food depends upon their age. condition and 
other circumstances. Thus, a young growing 
steer, or a cow in milk, will assimilate more 
nitrogen and phosphates, and consequently void 
less in the form of faces and mine, than will a 
fattening ox, which has already built up its 
frame and principal nitrogenous tissues, and is 
wereasing its weight mainly by the production of 
fat. Thus the quantity of nitrogen voided in 
fEces and urine might vary from more than 93% 
of the nitrogen consumed in the food to as littls 
as 75%. The proportion of phosphoric acid 
and potash voided will be greater. Obviously, 
in the case of horses, which spend only a portion 
of their time in the stable, oiy a fiuction of the 
excreta will be mingled with the litter ; and so 
also in the case of cattle which are turned out 
for a part of their time. It fe manifestly only 
the stall-fed or yard-fed animal which contri- 
butes the whole of the nitrogen, phosphates, and 
potash which it voids to the manure heap. 

Unfortunately for the farmer, the fertilising 
matter thus initially contributed to the manure 
is fav no means ^ ultimately available for 
utilisation. Continual losses occur. These are 
at their highest in an open farmyard exposed 
to the weather, where more or less loss of the 
valuable soluble constituents of the manure is 
alwavs going on by mere drainage, and where 
there is the ^ate^ facility for the evaporation 
of ammonia.'^ They are at their lowest where the 
animals are fed in'close boxes, in which the litter 
is trodden down compactly in watertight pits ; 
but even here there is constant loss by reason of 
fermentative action, not only through evapora- 
I tion of ammonia, bnt also by the reduction of 
I ammonia and other easily decomposable nitro- 
genous compounds into free nitrogen. The 
losses that thns occur have been studied by 
numerous investigators, induding Lawes and 
Gilbert, A. Voelcker, J. A. Voelcker, Hall, 
llaercker and Schneidewind, HoldeSefes, iluntz 
and Girard, TTood, Russell and numerous 
others. The general result has been to show 
that, even under the best conditions of ordinaiy 
nrodnetion, the loss of nitrogen may be expected 
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to amount to about 15% by the time the 
manure is taken out of the boxes, while in 
shallow stalls or yards it may amount to 30 or 
40% Further loss of nitrogen takes jdace 
after the manure is heaped or stacked for 
“ npening ” or for preservation until it is con 
venient to transfer it to the land It is probable 
that, even with fairly good management, the 
ultimate loss of nitrogen may amount on the 
average to 60% of the initial quantity Under 
bad management especially with open yards and 
free drainage, it is probably often much greater 
Various plans have been adopted or suggested 
for checking the loss, such as the use of gypsum 
or superphosphate sprinkled in the manure 
durmg its accumulation, to absorb ammonia , 
or of kamit, which checks fermentation In any 
case the manure should be heaped as compactly 
as possible with layers of earth m it, and the 
heap should be covered with earth It haa been 
demonstrated that the greatest percentage loss 
of mtrogen unfortunately occurs in the manure 
that is imtially nchest namely that produced 
by animals liberally fed on highly mtrogenous 
food 

It IS obviously difficult to give an average 
composition for so variable a substance as 
farmyard manure, but broadly it may be said 
to consist of 

Water about 75% 

Orgamc and volatile matter .. 22% 

Mmoral matter (exclusive of earth) , 2i^% 
But, as the water may vary from perhaps as 
little as 65% to over 80%, the quantity of 
orgamc matter is hable to considerable inverse 
variation The proportion of nitrogen is 
usually from about 0 45*0 65%, that of potash 
from about 0 ^ 8%, and that of phosphoric 
aad from about 0 2 to about 0 4% 

Hall ( ‘ Fertilisers and Slaoures, Murray, 
London, 1929) gives tables ilinsttating the general 
composition of farmyard manure, and also 
showing the influence of feeding on the nitrogen 
contents of the manure {see tables in next 
column) 

Straw manure will contain more potash than 
peat moss manure, but the latter contains more 
nitrogen Stable manure is " hotter ” — that is 
to Bay, ferments more rapidly— than farmyard 
manure proper Very large quantities us^ to 
be purchased from town stables by market 
gardeners and other farmers within easy carnage 
of cities But the supersession of horse traffic 
by motor traffic has now diminished this abun 
dant source of fertihty to almost a vanishing | 
point Such manure largely consists of Liter' 
that a farmer would regard as only half used, i 
owing to the necessity for the prompt dearmg 
of town stables , and it is necessanly poor in 
soluble nitrogen compared with farmyard 
manure Anal^-ses by I)yer (tabulated by Hall) 
(see next column) illustrate the composition 
of specimens of such manure, made both with 
straw and with peat moss, fresh and after some 
months’ storage in heap on tho farm of the 
purchaser 

In addition to its mincml constituents (phos 
phates potash salts, etc ) uell made farmyard 
manure contains enough available nitrogenm the 


Composition or Fabmyaed IIanuee feosi 
Vaeious SoimcEs (Hall) 



Percentaoe Composition of Faemyaed 
Manuse (Hall) 



form of ammoma compounds and easily nitrifl 
able organic matters to enable it to begin to act 
as plant food immediately, while it has at the 
I same time a reserve of insoluble matter, partly 
I decomposed orgamc matter which yields up 
I lutrogen more slowly and gradually, the effect 
' of iBZKb of wbicb 13 reahsed caly la aabsequeeit 
seasons 


Composition of Loncon Stable Manuee 

(DyEE — TABULATED BY HaLL) 



Am 

1 

1 From mixed peat moss 

1 and straw 

— 

si 

g 

I Fresh 1 

1 After Storage 




1 

2 

1 ' 

2 , 

3 

Water 

77 80 

70 0 

7fl1 

62 0 




Orsanlc matter 

1H^I0 

"t 3 

1H3 ; 

26 4 

17fi 1 



bitiogen, aol 

OM 

0 10 

(KIK 

0(18 

0 06 




U37 


0 46 





Phosphoric 

add 

0 37 

0 48 

033' 

0 45^ 




Potash j 

I IK* 

OSU^ 

0 46 

Ut>H| 

0 58 

0 65 

0-80 


The duration of the action of farmyard manure 
laigcly depends upon the nature of the soil 
I In some ‘ open ” * hot,” gravelly soils, farm 
I yard manure is used up with remarkable 
I rapidity On other soils its action may be 
I spread over a considerable number of years, 
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but in such cases its fertiilising cCeet especially afford scientific justification of the common 
on arable land, diminishes to an increasing conriction of the farmer that the manure heap 
extent each year, until, under the circumstances apart from its mere supply of plant food, pos- 
of ordinary’ farmmg, it becomes imperceptible, sesses some virtues which in the past have lacked 
There are, however, experimental plots at adequate scientific explanation (r. AtrxTX). 
Rothamsted, where, under circumstances pecu- It appears, too, not impossible that the 
h’arly favourable to its operation, the effects of presence of anximones or their production 
early dressings of farmyard manure are still during the decomposition ofsome of the common 
evident after the lapse ofconsiderabl}- more than nitrogenous organic fertilisers may have some 
half a century. bearing on the fact that, for some purposes. 

The valuation of the unexhausted effect of farmers, and especially market gardeners, often 
farmj'ard manure in relation to the feeding prefer them, despite the comparative slowness of 
stuffs consumed in producing it, is an im- their action, to inorganic fertih’sers of corre- 
portant matter in the application of the Agri- spending nitrogen content, 
c^tural Holdings Act. This subject was fSly Peruvian Guano. Guano uas originally 
discussed bj* Hall and Toclcker in a paper introduced into England from Peru in 1839, and 
“ On the Valuation of the Unexhausted Hanure for many years it occupied the first place among 
obtained by the Consumption of Foods by concentrated fertilisers. The original rich de- 
Stock.” in the Journal of the Royal Agricultural posits have been for a long time exhausted. 
Society of England, 1913, vol. 74 (also repub- and although occasional importations of firesh 
lished as a separate pamphlet by John Murray, rich Peruvian guano have occurred in recent 
of Albemarle Street, London, W.}. In tlds years, most of the fiesh deposits are now 
paper the original valuation tables of Lawes retained for agricultural use in the country of 
and Gilbert were revised in the fight of later origin. 

investigation, and, with occasional revision Guano is formed from the excrement and 
to fit market prices, have been adopted by carcases of sea-fowl. The fiesh excrements are 
the Central Association of Tenant-Right highly nitrogenous, and consist chiefly of luic 
Valuers. ^ acid and calcium phosphate. If the climate is 

The general chemistry of farmyard manure hot and dry, the excrements are quickly desic- 
has been well treated ty HaU in his work on cated and the nitrogenous matter protected. 
“Fertilisersand JIanures”(Murray,3rded.l929), These conditions exist on the rainless coast of 
and abo by Russell and Richards (J. Agric. Sci. Peru. In a moist climate the nitrogenous matter 
1917, 8, 495). is quickly converted into ammonia and dissi- 

There is, however, another effect of farmyard pated by evaporation or drainage, a phosphatic 
manure which has scarcely yet found its way into guano remaining practically destitute of nitrogen, 
text-books. ITie trend of modern investigation The main supply of Peruvian guano for 30 
appears to be to indicate that not a little of its years was from the Chincha IHands, which 
value may be due to the stimulating effect on yielded, in all, fi'om what we may call the original 
plant gro^h of relatively minute quantities of deposits, about 10,000,000 tons. This guano 
organic compounds either contributed directly was a dry, excellent fertiliser, containing from 
in the urine of animals or formed subsequently 13 to 14% of nitrogen, and fi-om 13 to 14% 
by decomposition. These have received the of phosphoric acid. On its exhaustion, about 
general descriptive title of auximones or hor- the year 186S, guano was shipped from the 
mones, though the latter term is less happy since Guanape and Macabi Islands. This was a damp 
the term “ hormones ” should, preferably, be guano cont ainin g from 9 to 11% of nitrogen, 
restricted to substances produced internally by a and about 12— 14°o of phosphoric acid. This 
living organism for its own needs, rather than was succeeded by importations, still fi’om old de- 
extended to indude groivth-stimulatinsr sub- posits, finm the Ballesta Islands and the iriands 
stances of external acquirement or application. ofLobosdeAfuera, and deposits on the mainland 
The credit for the first demonstration of the at Pabellon de Pica, Punta de Lobos, and Hua- 
existence and importance of such auximones in nillos. Many of these deposits^ were of low 
decaying organic matters is due to the late Prof, nitrogenous content, but rich in phosphates,. 
Bottomley of King’s College, whose work while gome posseted very much the character 
(1915-17) then failed to receive the attention of the original Chinchas ^ano. _ 
that it deserved. But of late years the subject The nitrogen in Peruvian guano is partly m 
has attracted a large number of workers with the form of ammonium salts and partly m organic 
the result that there is already an extensive combination such as urea, unc acid, guamne, 
literature on the subject. One of the typical etc.; and in some cases small quantities of 
substances of thi=; kind is indolyl-acetio add. nitrate are also present. The mam part ot 
and a number of the congeners or analogues of the phosphoric acid is in the form of finely 
this compound have been found to exhibit divided calcium pho^hate, some of lue pno^ 
similar activity on plant growth. The pro- phoric add also being in combin^on J^th. 
grass made in this direction up to 1937 was well anunoninm, so(fium or potassiim. _ Part of the 
suminaiised in a series of papers hy Dr. Hugh phosphoric add, therefore, is immemmely 
Kicol, of the Rothamsted Experimental Station, soluble in '''’ater, while even that wmch is 
published in “ The Manufacturing Chemist ” in insoluble is readily attacked bv weak aci^ and. 
June, July and August of that year. The sub- rapidly available as plant food. There is afro 

jeet is too large for discussion here, but it present ^ appreciable quantity of potash sa^. 
appears desirable to make this brief mention of Guano is, therefore, an extrenidy '*'ama e 
the fact that investigation now promises to manure, and has always commanded relative y 
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higher pnces than moat other concentrated different grades from several of the islands given 
fertilisers below, are recorded here although they are now 

Examples of analyses of Peruvian guano of only historically mterestmg 



Bal 

lestas 

bobos de 
Afuera 

Con 

tores 

Lobos 1 
deTlerra 

South 

Ouanape 

Guanapa 

j Lobos de Afuera 


18 06 

18 30 

28 74 

24 44 ' 

25 72 

16 60 

1 15 20 

15 68 

10 44 











ammomum salts | 

40 30 

' 36 32 

35 66 

3216 1 

29 91 I 

29 50 

26 65 j 

19 67 

II 96 

•PhosphoTU. acid ' 









19 13 


9 74 

10 62 

13 25 

1184 

14 79 i 

16 35 

15 07 i 

1721 1 

Lime 

9 21 

10 53 

1145 

10 75 

12 25 

13 08 

12 46 

14 17 

14 50 










12 32 


7 93 

9 61 

910 

864 

9 84 

11 92 

10 65 

11 27 

SUicious matter 

14 70 

14 62 

180 

12.17 

7 49 

12 55 

20 07 

22 20 

31 65 


100 00 

100 00 

100 00 

10000 

10000 

100 00 

100 00 

100 00 

100 00 

Total mtrogen 

1143 

9 97 

944 

8 32 

7 19 

' 7 07 

6 80 

4 58 

2 58 

Equal to ammonia 

13 88 

12 11 

1146 

10 10 

8 73 

8 58 

8 26 

5 56 

3 13 

*Equal to tncalcium 








! 37 60 

4180 

phosphate 

21 28 

23 20 

28 95 

25 87 


35 72 

32 93 

tlncludmg potash 

2 68 

2 39 

1 

2 76 

250 

2 87 

3 09 

2 33 

2 16 

186 


Besides Peruvian guano, nitrogenous bud 
guanos of commercial importance have been 
obtained from Patagonia and from the Ichaboe 
Islands off the coast of Africa Ichaboe guano, 
being from fresh deposits is rich in nitrogen, of 
whi^ it contains from d to 14% Its general 
composition is similar to that of Peruvian guano 
of Similar grade An appreciable proportion of 
the nitrogen, however, is m the form of feathers 
Gat Guano — Large accumulations of this 
are sometimes found in cares in tropical or 
sub tropical regions Such guano is nch in 
nitrogen owmg to the insectivorous habit of the 
hats The deposits often occur m “ pockets 
and are irregular in composition owing to 
admixture with earth, and it ts rarely that 
their transport to a distance is commerciaUy 
profitable They are best utihsed for local 
fertilisation 

Seaweed — This is largely used in some 
locahties near the sea ben quite fresh, sea 
weed contains about 80% of water Its com 
position vanes a good deal The nitrogen may 
be 1-3% of the dry matter The average 
J>erecntage of potash in 20 analyses otFvcua and 
Laminona was 3%, and of phosphonc acid 
0 5% of the dry matter The proportion of 
mtrogen and potash in fresh seaweed is thus 
vejy similar to that in farrnyartl manure, while 
the phosphonc acid is deficient 
Fish Manure or Fish Guano — 'Wbolefisfa 
are employed as manure m places near the sea 
Bay found in fresh sprats 03 7% water, 1 94% 
nitrogen and 2 1% ash, including 0 43 potash 
and 0 90 phosphonc acid 
Fuh manure, or “ fish guano,” as it is railed, 
is made on a considerable scale from various 
kinds of fish refuse The Norwegian fish guano 
« prepared from cod Herrings, sprats, men 
Mdden and other oily fish are boiled and pressed 
for the sake of their oil, and the residue is dried, 
powdered and sold as fish guano This manu 
facture u earned on in vanous pbces on the 


east coast of England and Scotland It is also 
earned on to a large extent m London, the raw 
material being the fish offal of the metropolis, 
which, for the most part, is simply dried and 
ground The principal value of fish guano lies 
ID its nitrogen, which may vary from as little as 
6 or 7% to as much as 10 or 11% according 
to the particular kind of fish or fish offal from 
which It IS made, and the presence or absence 
of much salt or other impurities There is also 
a good deal of calcium phosphate, which may 
range from as httle as 6 or 7% up to 16 or 
20% The potash is inconsiderable The fol 
lowing analyses represent different qualities of 
fish guano — 

ANAiYSES OF Fish Gvano 
Moisture 1418 8 78 14 42 11 18 

*Oiganjc matter 64 07 63 92 63 68 67 22 

tPhosphonc acid 

(P,Oj) 5 68 7 85 7 60 7 72 

Lime 6 16 10 47 8 06 8 34 

Salt, magnesia, 

potash, etc 17 31 7 03 6 54 5 14 

Sand 2 70 1 95 0 80 0 40 

100 00 100 00 100 00 100 00 

*CoDtBimng mtro 

gen 6 27 8 74 9 62 10 42 

Equal to am 

moma 7 61 10 61 11 68 12 65 

fChlcium phos 

phate 12 19 17 15 16 39 16 87 

The modem demand for ‘ fish meal ” as an 
auxiliary feeding stuff for pigs and poultry has, 
however, largely diminished the quantity of 
fish residues av ailahle for use as fertihser 
Phosphatic Guanos —The ancient deposits 
of guano occurring in climates in which ram is 
frequent have lost almost the whole of their 
nitrogenous matter, they are, when free from 




fertiltsebs 

sand or roc^ of -ralae as ptosplistic manure^ 
but have been cbieSy nsed for the mantifactiire 
of h^h grads superphosphates. Some of these 
guanos have he^ considerahlj altered by the 
action of trater and other natural chemical 
agents. One common resnlt of this action is 
the fo r mation of “ crasts,” consistiiig largely of 
calcium phosphate containing considerably'less 
cslcimn than triealcimn phosphate, and therefore 
of speciai valae as mannre. 

Ihs priaeipal places &Qm vrhich phosphatic 
guanos hare been obtained are Taxions islands 
in the est Indies and in the PaciSc Ocean. 
Those rrhich more parri mTarly retained some of 
the aisdncttre c h aracters of guanos are no— 
for the mcsst part exhausted, and such as are 
stiH o-ccasionaliy obtainable are not imp-orted 
for direct uss on the land, but for incorporation 
in the preparation of '‘dissolved guanos” or 
compound fertihsers. 

Ammonium Sulphate. — •Ammonium sul- 
phate ivas formerly manufectured almost vhol^ 
&om gas liquor or cohe-oven liquor. At the 
present time, hovrever, there is a very large 
output of synthetic ammonia obtained 1^ the 
direct combination of nitrc^en and hydrogen. 
Simnltan eously, the methods of crystallisation 
and purin cation of sufohate deriv^ &om gas 
liquor have undergone considerable improve- 
ment, especially as regards diminution of &ee 
acidity; and there is nom an abundant com- 
mercM suppfy of neutral or practicaliy neutral 
sulphate vielding 21% or more of nitrogen 
eqrdvalent to Sum 99-99-5% of pure sulphate. 
As “ neutrality ” is often stipulated for, or a 
limitation of *“ ftee add,” an agreed method 
of testing has been arrived at: 20 g. of the 
snlphate'are disolved in vrater, the solution 
being filtered and made up to 250 C.C., the mhole 
solution being then titrated for addity, using 
methvi oranse as indicator, the addity being 
expressed as H,SO^. 

Sodium Nitrate (commercially called nitrate 
of soda) is refined fiom the crude natrve deposita 
(kno-un as caliche), found in the rainless areas 
of Chile. Good commercial sodium nitrate in 
its origiiisl form contained about 95% of sodium 
nitrate or 15-6% of nitrogen (equrvslent to 19^o 
of ammonia), the impuritfes being moisture, 
s.cdium chloride, sodium and magnesium sul- 
phates, qnantnies of iodates and sometimes 

of potassium perchlorate, uhile in some cases 
sodium nitrate is partly replaced by potassium 
nitrate. 

A more refined form, ho— ever, is produced by 
the “ Gusgenheim ” method of extraction ftom 
the native calidie. Gommerdal nitrate thus 
prepared is nov produced containing 9S-99yo 
of nure salt in the form of small granules so diy 
and " easy-running '' that cargoes are no- 
shinned in bulk instead of in bags, and dft- 
chaiged bv exhaust snctioa like vbeat. 
Sodium nitrate for use as fertiliser is no— also 
made at BnErmham by oxi-iation. of synthetic 
ammonia to citric acid and neutralisation ttitc 
soda. 

Potassium Nitrate, or Saltpetre, is some- 
times used as a source of both nitrogen and 
potash, but chiefiy in India, vrhsre it is a native 
product. 

Voi_ T.— 5 
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Calcium Nitrate is also used as a fertiliser. 
Its_ chief interest at present Hes in the ftct that 
it is m a nuf actured ftom nitric acid obtained 
by the catalytic oxidation of ammonia prodnced 
synthetical^ ftom atmospheric nitrogen (r. VoLI, 
332). As put on the market at present, it contains 
about 15-5% of nitrogen (equivalent to about 
19-0^0 of a mm onia). As at present marketed it 
includes a small admixture of ammonium nitrate, 
uhich overcomes the diScnIty of the natural 
deliquescence of the nmnixed salt. 

Ammonium Nitrate. — Ammonium nitrate 
is also novT extensively used as a fextiliseT, not, 
hovrever, in its unmixed ox concentrated form, 
but mtfmately mixed uith calcium carbonate 
in -uhich form it is knoun as “ nitro chalks' 

Nitro Chalk. — This fertiliser contains 15-5% 
of total nitrogen of uhich half is ammoniacsl 
and half nitric nitrogen. It also contains 4S% 
of calcinm carbonate, and is granular and there- 
fore easy to so— and uell adapted for top 
dressing. 

Calcium Cyanamide is also a fertiliser made 
fixjm the nitrogen of atmospheric air uhich is 
passed through coarsely ground heated calcium 
carbide. The resulting mass contains a large 
proportion of calcium cvanamide, and about 
IS— 20^0 of nitrogen. In most earth it decom- 
poses, yielding ammonia, according to the re- 
action CaCN,-T- 3 Hj 0 = 2 NH 3 -f-CaC 03 ; but 
it is probable that other infiuences than mere 
moisture — connected probably vrrth the microbic 
Kfe of the soil — play a part in the production of 
ammonia. As calcium carbide is a product of 
the electric ftsmace, calcinm cyanamide, like 
calcinm nitrate, needs electric pouer for its 
production (r. CrxxiinDs). It is put on the 
market under the name of “ Kalkstickstofi' ” on 
the Continent, or “ nitroKm ” in England. 

Some forms of calcium cyanamide, especially 
of a granulated type made ly using excess of 
lime, contain considerable quantities of dicyan- 
ciamide, the action of vhich has been aHeg^ to 
be deleterious to some crops as vreH as tending 
to inhibit rdtriScatfon in the soil (Toeicker, 
J. Rov. Agric. Soc. 1917 ; ciso Coirfe, J. Anne. 
ScL 1919, 9, part 2). 

ilore recent investigations (Lefort des TIouses, 
rnrm. et IntL 1927, 18, 216; S. BoldL Giom. 
Chir-i Ikd. AppL 1932, 14, 171 ; clio Crouther 
and Richardson, J. Agiic. Sd. 1932, 22, 301) 
indicate, horrever, that dicyandiamide is not 
in itself directly toxic to crops, but that un- 
satisfactory field results, foDovriag the applica- 
tion of calcium cyanamide or admixtures 
thereof containing substantial quantities of this 
Qe^ivative, are probably attributable to in- 
hibitive action on nitrift-mg bacteria. 

Calcium cyanamide is nou being produced in 
America in a’ conveniently finely granulated form 
in the preparation of frhich the product is mixed 
•vrith a substantial quantity of calcinm nitrate, 
•Kith the result that of the 22^o total nitregen 
contained in the finished product, about 3% 
is in the form of nitrate. The efieet of this is 
that the fertiliser is ready to begin its vrork im- 
mediatelv, independently of the cyclical change 
of the cyanamide into urea or -Khatever other 
comnctmds precede its ultimate transformation 
into'kmmonia and nitrate. 
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Urea — Urea has thus far found bttlo use 
as fertiliser in this country or in America, but 
m various forms is used as such to a considerable 
and increaamg extent on the Continent of 
Europe Urea is obtained in large quantity by 
the action of various acids on solutiona of 
calcium cyanamide, the action being usually 
expedited by some catalyst, such as manganese 
dioxide or other suitable mctaUic oxide 
(Carbon dioxide and manganese dioxide, Akt 
Ges fUr Stickstoffdungcr, G P 301262,22/3/16, 
sulphuric acid and manganese dioxide, Mcister, 
Lucius and Bruning, G P 311018, 14^/16, and 
311019, 17/3/16, sulphuric acid and feiroso 
ferric oxide, M L & B, QP 301278, 17/3/16, 
nitric acid and calcium nitrate, Nyde^er and 
Schellenburg, BP 163574,26/10/20, mineral 
acids under pressure, e ^ 6 atma at 76°C , Soc 
d’fitudes Cbim pour 1 Ind , B P 192703, 
1/2/23 ) Commercially purified urea, contammg 
46% of nitrogen, is listed abroad among lutro 
genous fertilisers, but would seem to be too 
concentrated for direct use owing to the 
difficulties of equable distribution m the held 
It IS also commercially supplied in the form 
^ of urea nitrate, which contains 34% of nitrogen 
The roost popular and most convenient form, 
however, in which it is supplied to the agncul 
turist IS what appears to be a molecular combine 
tionofcalciummtratoandurca in the proportion 
of one equivalent of calcium nitrate to four 
equivalents of urea This affords a stable 
combination resuUmg m an article containing 
about the samo proportion of nitrogen (34%) 
as IS yielded by urea nitrate It is obtained by 
diSSofviRg calcium nitrate in a solution of urea 
m the molecular proportions indicated, the 
solution being concentrated by heat until a 
“ melt u obtained containing only msigni6cunt 
quantities of water, and then convei^ into 
granulated form by a process of spraying 
(Badischo Amlin u Sodahabrik BP 24(077, 
22/0/25, and IG Farbemnd A 0. BP 
332016 and 3329(8 both of 29/4/20) 

Oilcakes — Cheap or damaged oilcakes, or 
cakes unfit for food (as castor), are employed to 
a considcrablo extent as manure, and more 
particularly the residual meals obtained as by 
products m the extraction of oil by volatile 
solvents from rape seeds, castor oil seed and 
numerous other oil seeds They arc m request 
for hop manuring, and for general use on light 
sods, on which the fanner prefers a less rapidly 
actno form of nitrogen than is furnished by 
guano, sodium nitrate or ammomum sulphate 
Ihoy may contain 4-7% of nitrogen, 1 6-3 0% 
phosphoric nnhj dride and 1-2% potash 

Hoof and Horn — ^The powdered hom ob 
lalned In making combs and other articles is 
used to a considerable extent by manure manu 
fwturera , it Is rich in nitrogen, containing about 

(Sushed hoof and horns m coarse form are 
also in considerable demand by hop growers 
and market gardeners as yielding dunng de 
composition a slow but steady supply of 
Bvallablo nitrogen 

Dried Blood — ^This la a very valuable 
manure, its nitrogenous matter becommg 
arsiLiLle to the crop soon after mixing with the 
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soil Perfectly dry blood will contain about 
16% nitrogen and 4% ash, of which one half is 
common salt The commercial article contains 
from about 11-14% of nitrogen It is m growing 
demand for direct application to the soil, but 
the greater part both of the dried blood manu 
factu^ here and of that imported from South 
America is purchased by the manure makers 
and mcorporated in compound fertilisers 
Meatmeal, MeatGuano — ^The residue from 
the manufacture of meat extract is exported as 
manure from South America, and from Queens 
land and New Zealand The composition vanes 
much, chiefly accordmg to the proportion of 
bone ground up with the meat The nitro 
genous samples may contain 11-13% nitrogen, 
and 0 6-3 0% p&osphoric anhydride The 
phosphatic samples may contain 6-7% nitrogen, 
and 14-17% phosphonc acid The better 
grades of meat meal, however, are now in 
demand as feeding stuS's for farm stock 

Shoddy and Wool Waste — These are useful 
mtrogenous manures, but less active than those 
previously enumerated, being only slowly de 
composed m the soil They are used mainly 
for hops and m market gardening Pure diy 
wool and hair would contain about 17% nitrogen 
and 2% ash The percentage of nitrogen m 
otdinaiy shoddy vanes from about 6 to 8, the 
genera! average being about 7 Shoddy is apt 
to contain a good deal of water, the ether 
impnnties are cotton waste and mineral matter 

Leather — The percentage of mtrogen is 4-6 
This IS the least active form of nitrogenous 
matter used as manure , but there ate vanous 
manufacturing processes — such as treatment 
with acids or with steam under high pressure^ 
whereby the distinctive character of the leather 
IS more or less destroyed, the result being a flne 
powder capable of undergoing more rapid 
decomposition 

Soot — House soot is used by farmers as a 
lop dressing for spring com Good soot contains 
about 4% of nitrogen or nearly 6% of ammonia 
(say 20% of ammomum sulphate, in which 
form the nitrogen largely exists), but it often 
contains an admixture of ashes and consequently 
vanes a good deal in strength When used in 
large quantities the carbon is believed to im 
prove the mechanical condition of clay soils, 
and its temporary darkening of the surface 
tint of pale coloured clay land is said to be of 
value in conserving for the time being an ap 
preciably higher degree of temperature in the 
surface soil by dimimshing radiation 
Bones —These arc seldom used m their fresh 
state, they have generally been first steamed 
to extract the fat The extraction of fat by 
organic solvents is also in practice This results 
ID less loss of nitrogen than does the steaming 
process A third form of bone is that left after 
extracting the greater part of the gelatinous 
matter by boding under pressure The analyses 
shown at the top of the next page illustrate the 
composition of bone manures 
Bones are either applied to the land directly 
as crushed bones or as bone dust or bone flour, 
or they are employed for the manufacture of 
“ dissolved bone ” The soft parts of bone are 
more lutrogenous than the hard parts Bone 



67 


FERTmSEES 

B02vE ifEAIi. 







De-gela- 

(containing Englfgh 

Boilsd 

tinised 

cartilscmoTLS (ordi- 


or lightly bone- 


matter). 

nary). Indian, 

. steamed 

. fionr. 

iloisture . 
•Oreamc 

S-24 

S-SQ 

S-48 

S-62 

13-52 

matter . 
tPhosphoric 

S6-14 

34-94 

30-56 

20-74 

9-SS 

add 

£0-75 

21-66 

OI-IQ 

26-44 

SO-ll 

lime . 

27-94 

2S-53 

32-03 

35-95 

40-04 

carbonic 
add, etc. 

5-IS 

4-62 

4-19 

7-25 

5-45 

Saidous 






matter . 

1-75 

1-45 

0-55 

1-00 

1-00 


100-00 

100-00 

100-00 

lOODO 

100-00 

•Containing 






nitrogen 
Eoual to 

4-72 

4-19 

40-1 

2-33 

0-91 

ammonia 

tEqnalto 

5-73 

5-09 

4-S7 

2-S3 

1-11 

tricaldum 

phosphate 

45-34 

47-33 

52-S5 

57*77 

65-79 

flour is a 

fine powder. 

prepared from highly 


steamed bones. 

Bone Ash -sras formerly mnch used for pre- 
paring high-class supeipho^hates, hnt is now 
rarely ns^ owing to the ahnndance of cheax)er 
phosphates. The commercial article, snch as 
was formerly imported in large quantities from 
South America, contained from 75 to S0% of 
tricalcinm phosphate. 

Basic Slag. — ^By the process patented by 
Thomas (1S77— 79), the phosphorus is removed 
from pig-iron- To molten iron in a Bessemer 
converter lined with lim e, a large dose of lime 
is added, and the blast applied. At the high 
temperature reached, the impurities in tie 
iron are oxidised by the air introduced, the 
phosphorus becomes phosphorus pentoxide and 
unites with the lime. A slag is formed contain- 
ing about 40-50^^ lime, varying quantities of 
magnesia, alnmina, iron oxide, manganese oxide, 
silica and phosphoric acid equivalent to from 
20 to 50% of tricalcium phosphate. Basic slag 
is now an important product of the iron and 
steel industry. 

For several years the slag was regarded as 
v^ueless, the large amount of iron present 
leading to a presumption that its phosphoric acid 
would not prove available to plants, while the 
ferrous oxide would probably be injurious. It 
was, however, found that the phosphoric acid 
in the slag is almost wholly combing with cal- 
cinm, and that tbjg calcium phosphate is easily 
disintegrated and rendered soluble in the soil, 
end that no ill effects arise from the presence of [ 
ferrous oxide. Tetracalcium phosphate has been 
suggested as the combination in which most of 
the phosphorus occurs, but it is now r^atded as 
probable that the phosphate has more neatly I 
the composition (CaOls.P.OjSiOj. The phos- j 
phate in the slag is not soluble in water ; it is 
dissolved to a considerable extent by a solution 
of ammonium citrate, and when the slag is finely 
ground about S0% of it should dissolve in a 2^^ , 
solution of citric acid. 

Much basic slag, however, is produced in 
the open hearth process. This is of lower grade I 
of phosphorus content and of low citric acid- i 
solubility owing to the use of calcium fluoride as ! 
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a flux. It is now generally conceded on the 
result of experimental trials that the practical 
value of basic slag is very largely dependent 
upon the degree of citric acid-solubility of the 
phosphoric acid. The use of calcium fluoride as 
a flux (resulting in the conversion of some of 
the pho^horus into artificial apatite, which is 
not thus soluble) is a disadvantage from the 
point of view of the fertflising effect of the slag. 

To be effective the slag must be finely ground ; 
at least 80% of it shorfid pass through a sieve 
having 100 meshes to the linear inch. The 
grinding requires special machinery. It is 
advisable, according to Horn (J.S.Ci 1SS6, 6, 
242), to break first nnder stamps, to further 
reduce between rollers, then to separate pieces 
of iron by passing over slanting sieves, and finallv, 
to grind between millstones. 

Basic slag is especially valuable on moorland 
soils rich in organic matter and on clay soils 
deficient in lime on which the continnons nse of 
superphosphate is undesirable. It has proved 
especially valuable on pasture land ou which it 
encourages the growth of white clover. 

Precipitated Phosphate. — Phosphatic 
minerals which are unsuitable for the manu- 
fecture of superphosphate, either from their 
poverty m phosphate or from the presence of an 
objectionable amount of iron oxide or alumina, 
axe sometimes treated with acid, the calcium 
phosphate dissolved out, and then recovered by 
precipitation. Ifthe addition of the neutralising 
base is stopped while the solution is still acid, 
the precipitate will consist chiefly of dicalcium 
phosphate. 

The phosphoric acid in precipitated phosphate 
stands next in value to that existing as mono- 
calcium phosphate. Commercial dicalcium phos- 
phate may contain as much as 40% PjOg and 
is thus a very concentrated fertiliser. Since 
the introduction of basic slag, however, it is 
now scarcely worth while to manufacture pre- 
cipitated phosphate except as a by-product. It 
is thus prepaid incidentally to the manufacture 
of gelatin from bones. The bones are treated 
with cold hydrochloric acid, which dissolves out 
the phosphate, leaving the gelatmoid matter un- 
dissolved The phosphate is then recovered 
from the acid solution by precipitation with milk 
of lime. 

Rhenania Phosphate. — This is an artificial 
preparation made by igniting raw mineral 
phosphatic rock with silica and subsequently 
grinding to fine-meal. The phosphoric acid is 
mainly converted into a form soluble in alkaline 
ammonium citrate (Petermann). The finished 
article contains as much as 27% of “ citrate- 
soluble ” phosphoric acid- 

Superphosphate. — Some of the natural 
mineral phosphates may be applied directly to 
the soil with good effect, if in the condition of 
sufficiently fine powder. !3Iany of the natural 
mineral phosphatic deposits are, however, too 
hard and insoluble to be economically used in 
this maimer, and must be treated with sulphuric 
acid and converted into superphosphate. 

The treatment of bone with sulphuric acid 
was originally recommended by Liebig. The 
treatment of mineral phosphates with sulphuric 
acid originated with Lawcs, who took out a 
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patent for this process in 1&42, and founded a< 
mannfactnre which has since reached enonnoos 
dimensions A statistical report of the Inter 
national Superphosphate Manufacturers’ As 
sociation for 1937 estimated the worlds pro 
dnction of superphosphate for that year at 
nearly seventeen million tons 
Superphosphate m the United Kingdom is 
now sold on the basis of its percentage of water 
soluble phosphonc acid (PjOj) iormeriy it 
was sold on the percentage of ‘ soluble phos 
phate " — ^which term indicated the quantity of 
original tncalcinm phosphate to which the water 
soluble PjOg was equivalent The term is still 
sometimes used, but the Fertilisers and Feeding 
Stuffs Act, 1926, now in force, requires the 
vendor to give his guarantee in terms of PjOj 
Phosphate Matebials Used — Soperphos 
phate was prepared by lawea m the first 
instance from spent animal charcoal , Snfiblk 
(Tertiary) coprohte and Estremadura phos 
phonte were also early employed The Suffolk 
coprohte was for 15 years the principal material 
made use of The far superior Cambridge 
(Greensand) coprohte then became for many 
years the chief material, but these coprohtes 
are no longer used Deposits nch in calcium 
phosphate have been found all over the world, 
many of these have b«n exhausted, and others 
given up as of inferior quahty, or as being at 
present prices too expensive to work The 
following account is given however both of some 
of those wluch have ^come matters of history, 
or the use of which is at present in abeyance from 
the effect of competition, as well as of those 
which are at present m use 
Sorrm Cahole^a obChablesto'? Phosphate 
—This is apparently a converted Eocene mark 
occumng in rough masses, largely Mrforeted by 
bonng molluscs, and associated witn fossil bones 
and teeth It is classed as “ land ’and“nTer ’ 
phosphate , the latter is obtained by dredgmg 
the Bull, Coosaw and Stono nvers This 
phosphate came first into use in 1867, and soon 
became the chief matenal for the manufacture 
of superphosphate The quantity exported to 
the United Kingdom m 1887 was 165,275 tons 
(prmeipally nver pho«phatc) . in the same year 
430,649 tons were usM m the Umted States 
There are three grades, containing phosphonc 
acid equal to 6(W2, 65-56 and 58-60^0 tn 
calcium phosphate, they differ mainly m the 
proportion of silicious matter present South 
Carolma phosphate, though not nch enough for 
the preparation of high class superphosphates, 
was an admirable matenal for the production 
of an ordmaiy superphosphate, containmg. 
according to the quality of the phosphate used, 
from 11 to 14®^ soluble phosphonc aad, or, m 
commercial language 24-30'’o soluble phosphate 
But, owing to the discovery of other deposits 
and to the local demand for this particular 
phosphate in the United States, it has at present 
practically ceased to be import^ mto England 
BcLau^ ASD SoitME Phosphate — In the 
north of France (departments Somme and Pas 
do Calsu) and m the adjoining distncta of 
Belgium there exists a large deposit of a friable 
phosphatic rock. “ craie gnse,’ exteuding over 
seTeanuIhonacres This deposit Lee on ordinary 


white chalk, it consists of yellowish grains 
embedded in a chalky matrix The rock con 
tains 20-30% of calcinm phosphate, occurring 
in the crystalline grams above mentioned In 
the upper layer of this deposit are pockets, 
chiefly developed in the French area, which con 
tarn a sand ncher m phosphate and poorer m 
carbonate than the underlying rock, the proper 
tion of phosphate in this sand bemg 50-S0^o 
The sand has probably been formed from the 
ongioal rock by the action of water This 
phosphatic sand is known as “ Somme phos 
phate 

The Belgian phosphatic rock is generally of 
low quality By washing and blowing, a 
matenkl containing 40—45% calcium phosphate 
13 produced Many schemes have been tried 
for removing the calcium carbonate, and'thus 
raising tbe value of the matenal , none has yet 
become a commercial success Belgian phos 
phate has been much used with other phosphates 
as a tlilnent , the carbonate it contains princes 
much gypsum when acted on by the ^phnne 
acid, and considerably improves the porosity 
and dryness of the manure The«e phosphates 
are now bttle, if at all, used in England 

Phosphoeites — Large deposits of apatite, 
or of phosphates having an apatite character, 
occur in many places , tho«e most worked have 
been the Estremadura, the Canadian and the 
Norwegian These however, are not now 
brought to this country, and have for the 
present ceased to be worked, but Russian apatite 
(under tbe name of ‘ Kola phosphate ’ ) con 
centrated by a lengation process, is being 
produced in considerable quantity, and is in 
use on tbe Contment for the production of 
superphosphate 

1 Estremadura Phosphcrxle — An immense 
deposit Occurs in Caceres In composition it is 
a floor apatite but mixed with much quartz, 
and with more or less calcium carbonate There 
are three quahties, containmg about 50, 60 and 
70% tncalcinm phosphate The calcium carbo 
nat© vanes from 6 to 16% The exports were 
m former years large, amoontmg aometunes to 
60 000 tons per annum, but it baa long ceased to 
be used m England 

2 Canadian PhoaphonU — This is much richer 
than the Estremadura phosphonte, containmg 
TO-SO®^ tncalcium phosphate The lower 
qualities contain much mica The amount 
fonneiiy exported to the Umted Kingdom was 
considerable, but it is not now m use here 

3 Pussian (‘ Kola ' ) Phosphate — ^This m the 
• concentrated ” form m which it is marketed 
contains about 33—39% of phosphonc acid 
equivalent to 83-85% of tncalcinm phosphate 
Samples analysed by the wnter have been 
found to contain 0 85—1 of iron oxide, about 
04-06% of alumina and about 0S% of 
titanium oxide 

Cahisbean Phosphates — ^Under this head 
are grouped the rock phosphates found on many 
of the est India Islands, some of which are 
often classed as phosphatic guanos 

1 Aruha — This is one of the Dutch islands 
The phosphate is of high quality, containmg 
i5-60®a tncalcinm phosphate, but imports hero 
have long ceased 
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2. Curasao . — Anotier Dutch islsni This, 
vrhich is stni being largely vorked and is one 
of the finest phosphates available, contains 
abont 7S-So% tiicalcinni phosphate. It is used 
to a large extent in maMag high-grade super- 
phosphate, mainly in Continental fertiliser 
factories. 

3. Sorri/rero. — This valuable deposit, notr 
exhausted, contained 70—75% tiicalcittm phos- 
phate. 

4. jyarc-srn. — This contained the equivalent 
to 60—70% tricalcium phosphate, but too much 
iron oxide and alumina. It is notr rarelv heard 
of. 

BoEDEArx Reospeaxs. — ^Raised in the de- 
partments of Lot and Tam-et-Garonne. This 
is nqy little used in England, as it is not rich in 
phosphate, and contains much ferric oxide and 
alumina. 

Xassax: os Laett Reohphaxe. — This is s tiTI 
used locally, but the exports to this country 
have ceased. It varies much in compositioa; 
the higher qualities are suitable for the manu- 
facture ofEuperphosphate-butthe louer qualities 
contain much iron. This phosphate is remark- 
able as containing a distinct amount of iodine. 

Co'BZQZms . — The phosphatic nodules com- 
monly knotm as coprolites. found in England, 
are no longer in nse. The Cambridge (Epper 
Greensand) coprolite mas the best of the Enghsh 
sorts; it contained 55-60*3 o tricalcium phos- 
phate, mithout an admixture of ingredients 
prejudicial to the production of solufale phos- 
phate. The Su£bl& coprolite (Tertiary) con- 
tained less phosphate (55%) and more ferric 
oxide. The Be^ordshire coprolite (Lomer 
Greensand) mas stiH more inferior, the ferric 
oxide being present in increased proportion. 
But these varaous coprolites posses a permanent 
historical interest, as being the original form of 
phosphate used by Lames for the prcducticn 
of superphosphate. 

In Prance there are considerable deposits of 
coprolite in the Upper Greensand in the depart- 
ments of Pas de Calais, lleuse and Aidennes. 
These generally contain a lorn proportioa of 
phosphate, and much siiicious matter. 

Fi-OHIDa Phospeats. — Extensive deposits of 
high-grade phosphate have been opened up 
durintr later years in the State of Florida. 
The phosphate is of tmo kinds, namely, hard 
rock ” phosphate and “ pebble ” phosphate. 
The rock phosphate commonly contains finom 
7S to SO^o of tricalcium phosphate, and the 
pebble phosphate about 7(>-7-4%. There is.! 
homever. also a hiuh-grade pebble phosphate ! 
containing &om 7S to 7&^o of tricalcium I 
phosphate. These phosphates are very midely | 
used for superphosphate. i 

AmiCArt Peosphatz. — ^An extensive range of i 
phosphate deposits exists on or near the | 


Cbeexeas Istaxi) Peospeaxe. — ^This is a 
deposit found on Christmas Island — an island 
lying in the Indian Ocean south of Java. It 
contains abont S7% of tricalcium phosphate, 
and makes exc^ent superphosphate. At 
present the output is said to he largely consumed 
in the manufacture of superphosphate in Japan. 

Pacteic Peospeate. — Taluable deposits of 
gunilar high-grade phosphates, containing 86 or 
S7% of tric^dinn phosphate, accompanied by 
very little ferric oxide or alumina and practicaHv 
no silica, occur on certain islands in. the Pacific 
Ocean lying to the north-east of Australia. The 
principal deposits at present morked are those 
of Ocean Island and Nauru Island, but deposits 
have also been found on the islands of llakatea, 
Tahiti and .Angaur. ilnch of the phosphate 
raised on these islands is consumed for super- 
phosphate making in Australia, Nem Zealand 
and Janan. 

The morld output of mineral phosphate from 
all sources during the year 1937, as riatistically 
compiled by the Phosphate Ex^rt Association 
of Nem York and London, mas approximately 
12,000,000 tons. Of this output 469,227 tons 
mere imported into the United Kingdom, being 
as folloms : — 

Hetric tons. 

Florida (Pebble) 5,576 

Algerian (Constantme) .... 85,366 

Tunisian: 

Gafea 166,555 

Tunisia 28,946 

Ar dfria 77,438 

Morocco 88,130 

Ocean-Nauru 5,817 

Russia 10,896 

France "500 


469,227 


northern coast of Africa, knomn in commerce 


as Algerian. Tunisian. Tocquevilie, Gafra and | 
Egyptian phosphates. These ate soft, pomdery ; 
or Kable minerals, containing for the most ; 
part comparatively little siiicious matter, but 
a large proportioii of calcium carb-onatc. The ^ 
proportion of tricalcium phosphate commonlv j 
approximafes to 00^ o- varying from about o0;o i 
to nearly 64%. i 


Gsocxd Mxxzhai. Psoseeates. — Oming to 
improvements in m filin g machinery available 
for fine grindins in recent years, much develop- 
ment has oc cur red in the direct application 
to the soil of the softer types of mineral phos- 
phate. notably those found in various parts of 
North Africa. For direct use on the land, these 
are usually ground so finely that from SO-Ofy^o 
of the pomder passes through a sieve having 
120 meshes I.MAI. i>er linear inch. These 
phosphates have a range of from about 25-32% 
of phospboric acid say oo— 69^o 'pf 

tricalcium phosphate, calc^tc-d on d^ basis. 
Tfcev appear to ansmer meU on some soils mhere 
climatic conditions are favourable bat, mhere 
early results are lo-akcd for, the apph’cation of 
phc^horic acid in this form needs to be larger 
than mhen the phosphate is first rendered 
soluble as in superphosphate. “ Hard " phos- 
uhates, especially those of the apatite form, are 
unsuitable* for direct application to the soil, 
bomever finely ground. 

3Lo.TrACTfF.E or SrprsmosrEATE. — ^The 
mm phosphate is first reduced to an extremely 
fine pomder. If the material is in large lump>5, 
it is*£ist reduced by mear.= of a crusher, -ard 
is then tr-irsferred to a suitable mill. The 
Kent mill is largely used for this csrpo'c, and 
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IS Tcotked m conjuiiction with a screen and 
elevator The finer the powder obtained, the 
more complete will be the decomposition 
the sulphuric acid For first class work the 
powder should pass through a sieve of 80 wires 
to the inch In vtew of the stringency of 
modern factory legislation, a dust collecting 
plant of some sort such as the Beth filter, is 


usually considered necessary iQ the part of the 
works devoted to milluig 
It has been assumed some text hooka 
that the reaction in supefP^iosphate making is 
Bimply 

Ca,Pj08+2HjSO4=C?H4Pj08+2CaS04 

I This may be true as regafds the major portion 


Perce\tage Composition of Minebai. Phosphates employed in th#: Mancfacttoe or 
SOPEBPBOSPIUTE 


(From analyses made by the writer of this article ) 
Florida Phosphates (Dried at 100* ) 



Hard rock 


Pebble medinm srade 

Pebble highgrade 

•Phosphoric acid 

36 05 

36 44 

36 81 

31 92 

32 24 

32 80 

3$ 08 

36 24 

35 90 


51 29 

50 46 

50 96 

46 76 

46 78 

4718 

4^ 03 



Alumina 

1 42 

144 

I 41 

1 28 

1 29 

1 32 

J 23 

I 32 

1 

; Feme oxide (ex 
elusive of any 

0 60 

060 

0 55 

145 

I 50 

1 85 

i 05 

0 60 

I 92 O 

’Magnesia, carbonic 
acid, fluorine 

7 84 

631 

0 67 

11 66 

10 43 

9 50 

946 

6 40 


Sihcious matter 

2 80 

4 75 

360 

6 93 

7 76 

7 35 

9 25 

6 00 

6 22 


100 00 

10000 

100 00 

10000 

100 00 

100 00 

100 00 

100 00 

100 00 

•Equal to tricalcium 
phosphate 

78 77 

79 62 

8043 

69 75 

70 44 

71 67 

74 25 

7918 

78 44 

Excess of lime over 
tncalcium phos 
phate 

8 57 

7 28 

7 34 

8 93 

8 58 

831 

7 76 

6 50 

6 14 

Moisture m phos 
phate as im 
ported 

0 00 

1 00 

- 

2 11 

1 94 

2 03 

2 33 

- 

- 


North African Phosphates (Dried at 100° ) 



Algerian 


Tualaian 

Gafsa 

K»laa 

DJeida 

Eosselr 

Morocco 

•Phosphonc acjd 













25 2G 

27 21 

28 44 

27 12 

27 68 

32 89 

34 55 

lime 

47 79 

60 46 

43 01 

48 83 

49 92 

44 87 

49 60 

49 75 

62 48 

Alumina 

0 56 

0 44 

062 

0 54 

0 48 

0 96 

0 47 

0 38 

1 

Feme oxide (e< 
elusive of an/ 

. pyntes) 

Magnesia carbonic 

0 25 

030 

0 48 

0 30 

0 25 

0 40 

0 30 

0 60 

V 0 70 

acid, fluonnFr 

etc 

18 9o 

1696 

1733 

17 66 

17 41 

18 95 

18 85 

13 34 

11 17 

' Silicious twAtcr 

S4Q 

280 

1340 

G46 


3 TO 

ZVi 




100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

100 00 

' * Equal to tneaUium 










phosphate 

Excess of lime over 

59 10 

63 45 

5510 

59 45 

6214 

59 26 

60 45 

71 79 

75 49 

tncalcium pho^ 
phate 

15 74 

1603 

13 08 

16 59 

16 22 

12 73 

16 83 


11 54 

Moisture m pho< 






phate as irU 
ported 

- 

- 

- 

330 

3 2r 

- 

400 

2 16 

2 52 
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Vakious Phosphates. 


(Dried at lOOL) 


; 

Ichristmas 

i Island. 

) 

J Ocean- 
Xauni. 

L 

Tennessee. 

Belgian. 

French. 

> 

Canadian. | 


Rich. 

Poor, j 

‘Phosphoric acid (P«Oj) 

39So 

39-84 

i 36-92 

19-57 

23-80 

39-32 

29-99 1 

Lime 

52-24 



49-34 

52-96 

54-18 

42-25 , 

Alumina 

1-35 


1-59 

0-43 

1-44 

■RfM 

2-S4 

lerric oxide (exclusive of 
any pyrites) .... 

0-45 

0-23 


0-65 



! 

2-03 ' 

Slagnesia, carbonic acid, 
fluorine, etc 

5-96 

C-4S , 

7-46 

26-23 ; 


4-11 

9-27 

Silicious matter .... 

0-15 

0-10 1 

1 

1-74 

3-7S 1 


1-44 1 

13-62 


100-00 

100-00 

! 10000 

1 

100-00 

100-00 

100-00 

100-00 

•Equal to tricalcium phos- 
phate 

87-07 

87-05 


42-76 

52-00 

85-84 

65*47 

Excess of Ume over tri- 
cafcium phosphate 


5-S4 

6-91 

26-15 

24-76 

7-66 

6*77 

iloisturo in phosphate as 
, imported 

1 

1-54 

2-52 

1-21 

0-45 

— 


4-86 

1 


! 

Spanish. 


Indian. 

Coprolites. 

South 

Carolina. 

High 

grade. 

Poor. 

Aruba. 

Cniafao. 

Bedford- 

shire. 

Suffolk. 

•Phosphoric acid (P.Oj) 



2-5-77 

33-63 


25-97 

26-30 

26-73 

Lime 

48-49 


34-58 

48-33 

51-55 

40-66 

41-72 

43-62 

Alumina 

1-79 

I 

( 

1-63 

0-20 

1-48 

5 r 

0-83 

Ferric oxide (exclusive of 









anv pyrites) .... 

1-05 


araiirl 

1'75 


5-30 

^22-90 < 

1-45 

Maenesia, carbonic acid. 







1 


fluorine, etc 

7-98 

J 

1 



14-03 

J 1 

17-77 

Silicious matter .... 

5-6S 


32-55 

2*56 


12-56 

9-08 

n 


100-00 



100-00 

100-00 

100-00 


•Equal to tricalcium phos- 









phate 

76-43 


56-26 

73-48 

80-81 

56-69 

57-42 

58-35 

Excess of lime over tri- 









calcium phosphate 

7-07 


4-09 

S-48 

7-00 

9-94 

10-60 

12-00 

iloisture in phosphate as 









imported 



1-17 

3-04 

2-00 

0-65 

1-41 

0-90 


of the phosphate rendered soluble. But in 
practice, as tras first pointed out by RufiSe 
(J.S.G.I. 1887, 6, 327). the reaction, as regards 
an appreciable portion of the phosphate, almost 
invariably proceeds further, thus : 

Ca3P20g-h3HjS04=2H3P0j-f-3CaS0i 

so that a vater solution of superphosphate 
contains a major proportion of CaH^PjOg, 
vith a minor proportion of firee phosphoric acid 
HgPO^. Indeed, unless there is a fair pro- 
portion of the latter, the “ soluble ” phosphate 
is unstable, oving to liability to reversion by 
subsequent interaction betveen the dissolved 
phosphate and that vhich vas originally left un- 
dissolved. Thus superphosphate, -svhen freshly 
made, may contain as much as fi-om 6 to lO^o of 
HjPO^, and sometimes more. 


I In the first stage of the reaction, probably 
I phosphoric acid alone is produced, and. this after- 
jivards reacts on the remaining undecomposed 
[ phosphate. The proportion of fi^e phosphoric 
(acid in the resulting manure is greater vrhen 
strons sulphuric acid has been employed, the 
total soluble phosphoric acid being, at the same 
time, diminished. When superphosphates are 
dried at 100’, a loss of soluble phosphoric 
acid also occurs, and this loss becomes greater 
when a higher temperature is employed 
(Ruffle). 

A further reaction which is of some practical 
moment to the manufacturer of superphosphate 
is the diminution of soluble phosphate by 
keeping. The regenerated insoluble phosphate 
is known as “ reverted phosphate.” This de- 
terioration during storage is not observed in the 
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case of well made superphosphate prepared 
from dnely ground mineral phosphate contauung 
only an insignificant quantity of iron or ala 
mimum, but jt occurs when feme onde or 
alumina is present in any considerable quan 
tity 

So long as superphosphate is valued only on 
the basis of its content of water soluble ^oa 
p}iate> ferruginous and aluminous pho^hates 
will be avoided by the manufacturer On the 
Continent, however, and m the United States, 
reverted phosphate has a considerable money 
value, allowing of the use of mmeral phosphates 
containing relatively large quantities of iron 
and aluminium 

The sulphuric acid employed is osually 
pyntes made chamber acid of 1 55 to 1 60 ap gr 
Weak acid is essential, as the dryness of the 
superphosphate depends largely upon sufficient 
water being present for the crystalhsation of the 
calcium sidphate (CaSO^ 2HjO) formed by 
the reaction It follows that, when much 
calcium carbonate is present m the phosphate, 
weaker acid will be reqnired than when but httle 
calcium carbonate is present When calcium 
fluonde is present in considerable quantity, and 
very Uttle or no calcium carbonate (as in apatite), 
acid stronger even than 1 66 sp gr is necessaiy, 
as calcium fiuonde is not so readily decomposed 
as calcium carbonate 

The proportion of solphuric aad to be used 
depends, of course, upon the comTOSition of the 
phosphatic material TheoreticsJiy, 100 of tn 
calcium phosphate will require 94 of sulphuric 
acid of spgr 1 60 (55% SO.), or lOO of std 
phuno acid of sp gr 1 55 (61 5% SOj), if mono 
calcium phosphate is to be produced The 
proportion of eulphunc acid used m practice is 
usually as laige as can be employed without 
endangermg the dryness of the pr^uct It is 
generally aomewhat in excess of that needed to 
produce monocalcium phosphate, but is con 
sidersbly below that required to yield only 
phosphoric acid 

The excess of Lme present in the phosphate (as 
carbonate or fluonde) is a pnncipal factor in 
detercuning the quantity of sulphonc acid to 
bo employed 100 of lime will require 260 of 
acid sp gr 1 6 or 277 of acid sp gr I 65 to 
produce calcium sulphate At the foot of the 
tables previously given will be found the excess 
of brae (over that required to form tncslaum 
phosphate] present in each of the mmeral 
phosphates commonly employed Phosphates 
containing a considerable excess of lime will 
obviously yield a poorer superphosphate than 
their Mrcentage of phosphoric acid would seem 
to indicate, owing to the large proportion of 
aulpbnne acid which they require 
In the earlier methods of manufacture of 
superphosphate, the powdered phosphate was 
’^e^from bags whiles measured 
j of acid was rxm m from a t»TiV, the 
mixer consistmg of a cylinder containing a 
revolving shaft with arms or paddles, the 
TOnteals, after a brief mixing, being discharged 
"7 • ‘nto a pit or “ den ” in which it was 
hardened, and from which it was sobsequcntly 
excavalM originally by hand labour, but later 
by suitable mechatueal means 
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Of recent years, however, considerable im 
provements of a mechamcal nature have been 
made m the manufacture of superphosphate 
with the result that the superphosphate now 
produced is much drier and more granular than 
the earher forms, and no longer exhibits the 
troublesome tendency to cake and dog the drills 
or other mechanical devices nsed for distributing 
it on the land — a very great practical advan 
tage 

Tn one form of modem plant (known as the 
" BtoadScld ” plant), the finely ground raw 
phosphate and the acid are contmnously fed 
together in proper proportions into a mixer 
supplied with paddles by which the mixture is 
agitated &om 4-6 mmutes, hemg continuously 
discharged into a den havu^ the form of a 
horizontal cylinder in which it “ sets " or 
solidifies This cylmdncsl den contams a 
travelling “ carnage ’* on which is mounted a 
cutter, the motion of the carnage and that of 
the cutter bemg effected by an electnc motor 
The “ carnage ” travels along the den, while 
the cutter reduces to powder the mass of super 
phosphate in front of it, and this is finally 
discharged by means of belt conveyers mto the 
storage bin This form of den is liiiown as the 
“ Wenk ” den There is, however, another 
form of den (known as the “ Milch ” deo) which 
13 planned m the reverse sense, the den itself 
(a steel cylinder) being mounted on wheels so 
that It traveb forward on to a fixed “ excavator," 
od which 13 mounted a cutting apparatus 
sumJar to that on the movable carnage nsed m 
the ‘ Wenk " den 

A new mode of manufacture, which is also 
ID use in Englaod, has been patented by Messrs 
Ober 4 Sons of hlarylsnd, B P 367508, 357509, 
358529, all of 1931 The plant used, which is 
necessarily more complicate than that m earher 
modes of manufacture, is so contrived that a 
stream of acid passes to a “receiving zone" 
where it meets and intermixes with a stream of 
mineral phosphate in a state of fine division, the 
combined stream being passed under pressure 
into a honzontal cylindrical autoclave which is 
kept in continnal rotation, and baa an outer 
jacket by means of which its temperature may be 
raised or lowered The mixture of phosphate 
powder and acid is drawn mto the autoclave by 
aid of a partial vacuum until a full charge has 
been mtroduced, when the exhaust is clos^ and 
the chaige is allowed to produce under pressure 
of its own reaction the gases and vapours 
generated by the chemical reactions which arc 
gomg on The full mtemal pressure thus set 
up 15 maintamed for a time and then released, 
the escaping gases and vapours being passed 
through a conden*er The result of the release 
Kid expansion of gases and vapours causes a 
sadden drop m the temperature of the contents 
of the autoclave, which may be further reduced 
by admittmg a “ coobng medium “ into the 
hoDow jacket of the autoclave It is claimed 
that the sudden drop m temperature accelerates 
crystallisation 

Subsequently, the superphosphate is dned by 
r^lacing the “ cooling medium ” m the jacket 
Of the autoclave by a heating medium,” 
while simultaneously the autoclave is subject^ 



74 


FERTILISERS 

it Gypsuip IS sometimes used as a drier to mix 
mth damp or pasty fertilisers 
Borax is sometimes effectively used as a 
remedial appbcation for “ heart rot ** m sugar 
heet, turnips and swedes and also for certain 
diseases of apples and of tobacco It waa con 
clu«iielv proved by K Wanngton as long ago 
as 1923 that traces of boron were essential to the 
development and flowenng ol broad beans, and 
it may well be that traces of boron m the soil 
are essential for most crops, in which case it 
appears probable that roost eoils contain a 
sufficiency of it When used, appheations are 
usually restricted to such small dressings os 
15 to 20 lb of borax per acre If appbed m 
dressings approaching the proportions of the 
dressings in which oidinary concentrated ferti 
lisers are applied it may be disastrously 
poisonous 

Lime, Chalk and Marl — These are mainly 
applied foT iba sake oS tbe coTOiderable amebora 
tion of the soil which they effect, especially m 
the correction of “ acidity ” Burnt Lme. fresh 
or alahed, is in common use rreahly burnt lime 
is usuallj used in “ lump * form, but can now 
also be obtained from cement factories in a finely 
ground state, m which condition much amaller 
dressings may be effectively used, though, of 
course, they need to be repeated from time to 
time Finely ground chalk u now also obtain 
able from tne same source, and there is » 
growing supply of finely divided calcium 
carbonate obtoined as a by product m the 
softening of calcareous water suppbea 
Potassium Salts — (Those u«ed as fertilisers 
are mainly the sulphate containing from about 
48 to 63% K,0 and the chloride (commer 
cially known as “munate”) containing KCI 
eqnivalcnt to about 60% K,0 Lower grades 
of potassium cUonde larcely dilut^ vnlb 
sodium chloride are also muchinuse Onegrade 
containing the equivalent of about IZ to 14% 
K,0 isoften sold under the misnomer 
— presumably because its potash equivalent is 
similar to that of the formerly popular natural 
mineral luinite, which if not yet exhausted is 
now rarely obtainable 

Tot most crops the sulphate or cblonde may 
be used interchangeably, but for potatoes the 
sulphate is preferable On freely draming soils 
the lower solubility of the sulphate may be 
advantageous, but on most soils, even vnth the 
chloride, there is little chance of loss by 
drainage, as the potassium is readily fixed by 
“base exchange” m the clay fraction of the 
soil 

The Relatiie Value or Manures 
Of the nitrogenous fertilisers nitrates are the 
most rapidly active form of nitrogen Com 
pansons between sodium nitrate and anmotuum 
mUs, containing similar amounts of nitrogen, 
have l>ccn made for mam years at Rothamsted, 
and also at obum W ith cereal crops the 
nitrate, on an average, yields, nitrogen for 
nitrogen, distinctly more com ami constdeishly 
more strew than aromoniuui salts On grass 
land, the relative supenonty of rutiate as 
reganls ywld of hay. is about the same os with 
cereals For potatoes, ammonium sulphate is 
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usually preferred to nitrate For mangel wureel' 
or sugar beet, the nitrate is superior Nitrates 
and nmmonium salts, m favourable circum 
stances, give most of their effect m the first year 
of theiT application 

The constant use of ammonium sulphate on 
soils poor in bme tends to cause a deletenous 
acid condition of the soil unless bme is occa 
sionally applied On such soils the use of 
sodium nitrate in alternate years has been 
sn^ested, since the residual effect of this salt 
in the soil is alknbne 

Cyanamide, under favourable conditions, 
gives results similar to those obtained from a 
corresponding quantity of ammomum sulphate, 
but its action*depend8 upon its time of appbca 
tion and upon suitable weather and, probably, 
upon the texture and composition of the soil, as 
well as on biological considerations It is best 
used after admixture with superphosphate, 
thwogb it. has the mcidMital effect “ pw 
cipitftting ” soluble phosphate Unless supphed 
in the granulated form it is not a pleasant 
substance to handle in ita raw condition, and, 
if sown alone, it should be sown by means of a 
mechanical distributor 

The effect of organic nitrogenous manures 
diffeta m different soils In a clay soil, bones 
decompose so slowly as to be of bttle value 
Organic manures, as shoddy, oilcake, bones and 
farmyard manure, yield omy a portion of their 
nitrogen to the crop during the first year, and 
several years will elapse before the supply is 
exhausts The continued use of such manures 
increases the proportion of nitrogen m the soil 
The proportion of the nitrogen in the xnaniwe 
that IS recoiered in the crop is frequently 
smaller than that obtained under favourable 
circumstances in one season from the appbca 
tion of sodium nitrate or ammonium sulphate, 
the slowly acting manures being, m the case of 
arable land, subject to an annual loss ofmtrogen 
as nitrates by dramage Orgamc nitrogenous 
manures are more active in proportion as they 
are finely divided, and when applied to a well 
aerated sod They are best appbed in autumn, 
while nitrates and ammonium salts should be 
applied in spring 

At the close of the section devoted to 
farmyard manure, (page 63) reference was 
made to the now recognised existence of 
"auximones” (plant growth stimulants) in 
some forms of decaying organic matter having 
a function additional to the mere supply of 
actual plant food — with the suggestion that this 
may have some bearing on the well known fact 
that for some purposes farmers show a preference 
for organic mtrogenous fertilisers over tho'o oT 
inorganic origin— euch as nitrate or sulphate of 
ammonia 

The relative value of different forms of phos 
phates has been a subject of much controversy 
Some mineral phosphates (as apatite) having 
been found almost usele^'i as manure, it was too 
hastily concluded that (with the exception of 
bone and guano phosphates) only phosphates 
soluble in water were effective It has, however, 
been maintained that very fine grinding wiU 
render any phosphate as available as soluble 
phosphate 
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In. considering tte subject it sbonld be borne 
in r±id ttst tfce pncsphates in tbe soil, on -vrluct 
pbtnts feed, are not soluble in trater. drainace 
Igniters being fee fem phospborie acid. Solnble 
pfcospbate trben applied to a fertile soil is qtncklf 
precipitated, and is generally finally converted 
into a bydrated ferric or alnnininni pbospbate. 
ine practically insolnble pbospbates of tbe soil 
are dissolved eitber by tbe acid sap of tbe root 
baits immediately before absorption fay a crop 
or (as is no— considered more probable) by tbe 
carbonic-acid-laden vrater of tbe soil. 

One great advantage possessed by a pbos- 
pbate soluble in trater consists in its difiusibility. 
\\ ben rai n falls after an application of snper- 
pbospbate or other -water-soluble phosphate, the 
phosphoric acid is distributed in the soil more 
perfectly than can be achieved by any other 
mode of application, and conseqnently a greater 
number of root hsdrs may come in contact with 
it. Snperphosphate is thus more immediately 
eSeccrve than other forms of phosphate. The 
snperiority of superphosphate is. however, not 
shown in the case of some soils veij' poor in 
lime, in which any additional supply of acid 
matter is hnrtful to the plant ; in such cases an 
assimilable undissolved phosphate may produce 
a better result. On such soils (poor in lime), 
basic slag, guano or fine bone meal find an 
appropriate place. ! 

bTumerous experiments have been made re- 
garding the assimilability of mineral phosphates 
when finely ground. It appears that apatites 
and other crystalline phosphates not dis- 
integrated in the soil, have a very small manurial 
effect even when finely groimd. The maj'ority 
of non-apatitio mineral phosphates are. however, 
effective when very finely ground, but to a 
different extent on different soils. The con- 
ditions favourable to the use of undissolved 
phosphates are presence of hunms and scarcity 
of lime. On the moor soils of Germany, Avlicrc 
such conditions prevail, b.asio slag has had its 
greatest success. A calcareous soil is the one 
least suitable for the use of uudissolvcd phos- 
phates. 

It is generaUj' admitted that precipitated 
dicalcium phosphate is nearly equal in effeoi to 
soluble phosphate. Phosphates that are soluble 
in ammonium citrate (including the reverted 
phosphate of superphosphate) may be safely 
regarded as assimilable by plants ; in America 
they are regarded as of about equal value -with 
water-soluble phosphate ; that they are so 
always is certainly open to doubt. But phos- 
phates that are insoluble in ammonium oitrnto 
are often effective as manure. Ammonium 
citrate gives thus no safe distinction between 
assimilable and non-assimilablo pliosplmlcH, 
though it affords a useful approximate moiuiu of 
determining “ reverted ” pliosplmlo in fiupor- 
phosphate. 

As a measure of ready avnilability in binilo 
slag, a 2% solution of citrio acid iiris new 
superseded ammonium oittalo. 

Spisoiai. Mnriionfi oif ANAi-yfiiM. 

The enormous fjiisiitlty of Ibrlilisers nod of 
their compononfs boiiglit slid' sold upon the 
results of analysis liss led io (/imt slfeitdoit 
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being paid to the question of accurate and speedy 
analytical methods. To enter into a discussion 
of all the methods which have been suggested, 
or even of those which have been “ officially ” 
recognised by the associations of agricultural 
analysts or manufacturers in different countries, 
is here impossible. 

In the analysis of fertilisers, the obj'ect is 
sometimes merely the determination of a 
definite fact, such as the percentage of total 
nitrogen or the percentage of total phosphoric 
acid. In such cases there are diverse methods 
available. Sometimes, however, the anah'sis is 
needed for such a purpose as the deternunations 
of solnble " phosphoric acid. Here much 
depends upon the interpretation of the word 
“ soluble."’ since solubility depends not merely 
on the nature of the solvent, but upon its pro- 
portion to that of the material acted upon and 
the mode and duration of its application. It is 
therefore necessary to define “ solubility ” before 
determining it. Unfortimately. different inter- 
pretations of soinbility have been in vogue in 
different countries, causing occasional confusion 
in international trade, but efforts to arrive at 
international agreement have been attended 
■with some, though only a partial, measure of 
success. 

Axauvsis of R.vw Mixek-ai. Pnosrn.ATES. 

Determination of Phosphoric Acid. — ^Tho 
phosphoric acid in mineral phosphates may bo 
accurately determined either by the use of 
molybdic acid or by what is sometimes called 
the * citric-oxalic-magnesium method, without 
the intervention of molybdic acid. 

There are several modifications of tho raolyb- 
dato mothod whioli givo fairly accurate and 
therefoT'o concoi-dant results in tho hands of 
careful wovkei's. Their one common dis- 
advantago is that tho quantity of sample 
represented in the portion of soltition finally 
worked upon is necessarily smaller than in tho 
alternative procedure, and consequently any 
errors duo to inaoonraoy of calibration of flasks 
or pipettes or to lack of exactness in using them, 
are correspondingly multiplied; and tlio sanio 
observation obviouslj' attaohos to error.s inci- 
dental to the washing of prooipitntos, tlie 
efficionoy of filters and the operationa of 
weighing. There is cogent reason for siippoamil 
that mnuA' disagroomenta aometimoa attrihuhal 
to tho use of altornnlivo motluala mo d\lo (o 
insuniolent ap]irooiallon of anino nl' tln''to aoniooa 
of error, or to llio non-ol>aoi'vm\oo oMIio iMo- 
eautloiiti noooaaavY to avoid thorn, \\ hoii, na la 
ofton Ihooaao. aalitHooott'yg.ol vaw idmaphido 
ia uaod In Mio dolonnlmdion. i\ slnislo milligram 
ol'mapnoalnm ]i\'r(*|di('aplialo(llm htrm In whh'li 
(ho pimaphato la woifjtiod) ia o(|iiivaloiit to 
approsimaloly 0-'l% ol Ivloaloiiim pimaphato— 

II irravnooiialdoralhm in (ho oaao oC largo oargor-s, 
tlio prion n!' tvldoh ia o),aoilv adjnatod to tlio 
roimlla of iiiiHlyaia, ovon to tli« aonond place of 
iloolmala. 

A ri'llahlo modification of (lie molybdate 
mol, hod (iH applied to the analyaia of raw mineral 
piiofiphidi'a which has heen in uae for inaii.V 
Voiii'ii Im (hat of 0, J/irgensen, wJio baa dmo< 
immli (line and attention to (Im li. 



76 


FERTILISERS OR JIANURES 


JSrgensen’s method ■was originally p'abb^ed 
m Denmark, but an account of it, commximcated 
by himself, was published m the Analyst, 1909, 
34, 392, and it is now generally regarded as of 
standard accuracy It is as foUowa — 

Method of Jorgensen — 5g of the mineral 
phosphate are dissolved m 20 ml of nitno acad 
m a 260 ml flask After gentle boiling for 
16 mmutes, the contents of the flask are cooled, 
made up to 260 ml , and filtered To 60 ml 
of the filtrate (=1 g of the phosphate) in a 
beaker flask, 165 ml of the molyhdic solution 
are added, and the flask and its contents placed 
in a water bath at a temperature of 60“ for 
10 minutes, with occasional stimng After 
cooling and standing the supernatant liquid is 
poured through a filter and the precipitate is 
washed 10 times by decantation with the acid 
ammonium nitrate solution, about 20 ml being 
used for each washing The filtrate should be 
tested with more molybdic solution to see that 
the precipitation is complete The washed 
precipitate i^ dissolved in 100 ml of 21% 
ammonia solution, and filtered if necessary, ' 
through the filter which served for its separation, 
the filter being washed 8 times with ammonia 
solution, until the final volume is about 180 ml 
The beaker fiask is covered with a clock glass, 
the contents brought just to boiling point, and 
30-36 ml of the magnesia mixture added drop 
by drop from a burette, the whole being well 
stirred and allowed to cool with frequent stimng 
as long as it remame warm If the precipitate is 
not compact and crystalline, the stirring should 
be continued longer After standing for at least 
4 hours, the preapitate is filtered off, using a 
platinum (Gooch) crucible packed with spongy 
platinum (or, presumably, ignited asbestos) and 
washed with the 2^% amtuonia solution until 
free from chlorides, and once with alcohol It 
IS then dried, heated (at first gently), and then 
Ignited strongly, cooled and weighed as 
Mg.P,0, 

Ihe solutions used by Jorgensen are as 
follows — 

Stolyhdic Solution — 100 g cf ammonium 
molybdate are dissolved m 2S0 ml of ammonia 
ofspgr 0 97, and 300 ml of this solution poured 
uitfi vigorous shaking into 700 ml of mtne 
acid of spgr 1 21, the mixture being allowed 
to stand for 24 hours 

\Va$h Fluid for Jfolt/bdic Preetpilale ~40 g 
of ammoiuum nitrate and 10 g of nitnc acid 
per litre The author prepares this by mixing 
90 ml of mine acid of sp gr 14 with about 
1,600 ml of water, adding 80 ml of ammonia 
of sp gr 0 91 and making up to 2 htres 

ilagntsxa iltxtuTt — 50 g of pure crystallised 
magnesium chlonde and 150 g of pure am 
nionium chloride, dissolved and msae up to 
1 litre. 

11 Fluid for Ammonium llagntsium Pre 
etpifate — Ammoiua solution contaming 2j% 
NHx (This may b« made by diluting 100 parts 
of ammonia of sp gr 0 91 with water to I litre ) 

St. Cobain (Sanfourche) Method, — 
^mparatively recently, however, another form 
of the molybdate method has assumed import 
anco owing to its having been adopted, as 
an altcmatirc to J6rgensen’s method, at a 


conference of superphosphate manufacturers at 
Hamburg in 1934, and as this process is now 
much m use on the Continent and is sometimes 
imposed as an obhgatoiy condition m “ arbitra 
tion” analyses, details must here be recorded 
1 5 g of the finely ground tomeral phosphate 
IS treated with 20 inl of mtno acid (sp gr 1 38) 
and the solution evaporated to dryness on a 
sand bath at 115-120°C The residue'is taken 
up m 16 ml of nitnc acid, diluted with 200 ml 
of water and boiled for 2 mmutes, allowed to 
cool and diluted to a volume of 600 ml The 
solution IS filtered through a dry filter and 60 ml 
(—0 16 g of the phosphate) are placed in a 
500 ml Erlenmeyer flask and diluted with 
water to a volume of 100 ml 30 ml of nitnc 
acid are added, followed by 20 ml of ammoma 
(sp gr 0 924) and brought to a boil The flask 
18 removed from the flame and immediately 
there is added, drop by drop, from a pipette or 
stoppered funnel, 15 ml of a solution of pure 
ammonium molybdate (160 g per htre), avoid 
mg dropping this down the sides of the flask 
At the same time the flask is continuously 
rotated so as to obtain a precipitate free from 
occluded molybdic acid The whole is then 
shaken for 1 minute and allowed to stand for 
20 mmutes, after wbch there are two alternative 
modes of procedure — gravjmetno or volumetric 
QTammtiric Method -—The liquid is decanted 
through a fared Gooch crucible and the precipi 
tate washed 4 times by decantation with a wash 
solution having a temperature of 70-80‘C and 
eonsistmg of a mixture of 666 ml distilled water, 
85 ml nitric acid and 60 ^ of ammoma (sp gr 
0924) The whole of the precipitate is trans 
ferred to the crucible, removing any portions 
adherent to tbe sides ■with a rubMr tipped glass 
rod The filter is washed 4 or 6 times with the 
wash solution, until the filtrate pves no colour 
•with potassium ferrocyanide The precipitate 
IS drained completely by the pump, dned in an 
oven, covered and placed in an electric muffle, 
the temperature of which is raised gradually to 
600-650®C , which temperature is maiotamed 
for an hour, when the precipitate should be of a 
uniform blue black colour After complete 
cooling in a desiccator it is weighed The weight 
of precipitate multiphed by 0 03946=*PjOj 
Volumetric Method — The phospho molyb 
die precipitate obtained as hereinbefore 
described is washed by decantation twice (cold) 
with the wash solution already mentioned, the 
decanted liquid being passed though a filter of 
hardened paper of a diameter of 125 mm , on to 
which, by aid of the same solution, the precipi 
tate IS finally collected After complete drammg 
the precipitate is washed twice on the filter with 
dutiUed water •which has been used to nnso the 
flask, and then further 6 times with distilled 
water, taking care to dram completely after each 
washing Tbe final washing must bo free from 
acidity to the extent that after the addition of a 
drop of phenolphthalcin it should be reddened 
by the addition of a single drop of A’/IO NaOH. 

Tbe filter and precipitate are then replaced in 
the flask with the addition of 50 ml of NI2 
sodium lij droxide solution, the whole being well 
stirred and the filter squeezed out against the 
sides of the flask by means of a glass rod, where 
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it is momentarily allowed to remain. There are 
then added 12-5 mL of a previously nentralised 
40% formaldehyde solution containing 0-015 g. 
of phenolphthalein per 100 mL (or 17-5~ml. if the 
sample contains more than 70% phosphate). 
The filter paper is re-plnnged in the liquid, vreU 
stirred and again brought to the side of the 
flask and pressed out. ''NI2 hydrochloric acid 
solution is added until the red phenolphthalein 
colour disappears, when the filter paper is again 
i mm ersed, stirred, brought to the side and 
pressed out, the addition of acid being con- 
tinued until the colour again disappears. When 
the filter is again immersed there should be no 
return of the red colour, otherwise the addition 
of acid is continued as before. At complete 
neutralisation, if Y is the volume of hydro- 
chloric acid added (50 ml.— Y ml.) x 0-001362 
=weight of PjOg. 

Either modification of this St. Gobain (San- 
fourche) process has been found in the hands of 
the present writer to give results closely agreeing 
with those obtained by Jorgensen’s method, 
provided that the analysis process is carried 
out -with meticulous care. But it must be 
remembered that, as the weight of sample in the 
portion of solution operated on is only 0-15 g., 
any experimental error is necessarily multiphed 
61 times more than is any error incidental to 
Jorgensen's method in which the quantity of 
pho^hate operated upon is 1 g. 

Citric-Oxalic-Magnesium Method. — ^The 
phosphoric acid (and incidentally the calcium) 
may be correctly determined in the following 
way. 2 g. of the min eral phosphate are treated 
■with 25 ml. of strong hydrochloric acid in a 
beaker covered with a clock-glass to avoid loss 
by spraying. After a few minutes’ warming, 
the dock-glass is washed back into the beaker 
and removed, the beaker being placed in a water- 
bath and the contents evaporated to dryness. 
This results in the elimination fix»m solution of 
not only silica, but of fluorine compounds, the 
removal of which is essential to the accuracy of 
the process, ilere evaporation to dryness ■with 
a small quantity of hydrochloric acid is in- 
sufficient to ensure this removal. It is necessary 
to use at least the large quantity of acid specified 
(25 ml.), so that its evaporation may extend over 
several hours. (The non-observance of this pre- 
caution is a fruitful source of error, resulting in 
the subsequent formation of magnesium fluosili- 
cate and consequent over-estimation of phos- 
phoric acid). The dry residue is taken up -with 
5 or 10 ml. of hvdrocldoric acid and about 20 ml. 
of water, and -warmed. The silica, together -n-ith 
pyrites or other insoluble matters, is filtered off 
and thoroughly washed. To the filtrate and 
washings (measuring about 150 ml.), 4 g. of 
powdered citric acid are added and 3-4 g. 
of powdered ammonium oxalate. The solution 
is heated nearly to boiling, and rendered just 
alkaline -with dilute ammonia (sp.gr. about 
0-970) and excess of acetic acid is immediately 
added and the liquid is boiled for a few moments. 
The calcium oxalate is immediately filtered off 
and washed several times -with boiling water, 
dried, and ignited over a yellow Argand flame, 
and weighed as CaCOj. The precipitate con- 
tains all the calcium. It may contain very 


minute quantities of ferric oxide, aluminium 
oxide or manganese oxide, and a minute quan- 
tity of phosphoric acid. On this account the 
precipitate, after being weighed, is dissolved in 
dilute hydrochloric acid, the solution being boiled 
and treated -with a slight excess of recently 
diluted ammonia. The small precipitate which 
forms is filtered through a small ffiter, washed 
and redissolved in a little dilute acid, the solution 
being boiled and again treated -with a sh'ght ex- 
cess of ammonia. The precipitate is washed, 
ignited and weighed. If this' small precipitate 
weighs only 5 or 6 milligrams or less (as is usually 
the case in the hands of a practised worker), it 
may be assumed that the precipitate contains 
P2O5 equivalent to half its own weight of 
MgjPjO-, this assumption being based on the 
analysis of a large number of such precipitates. 
But if, owing to unskilf ul work or to any 
peculiarity in the mineral under investigation, 
the quantity is greater; the little precipitate may 
be redissolved in hydrochloric acid, with the 
addition of about 0-1 g. of citric acid, and its 
solution added to the original filtrate from the 
calcium oxalate precipitate. 

This filtrate is made strongly ammoniacal 
and the phosphoric acid precipitated by the 
gradual addition of magnesium mixture, a large 
excess being finally added. The gradual addi- 
tion and -rigorous stirring are both necessary 
to ensure that the precipitate comes down in a 
compact crystalline form. The whole bulk at 
thig stage -will be about 350 ml. After 2-3 
hours, during which the h’qm'd is frequently 
stirred — or after standing, if more convenient, 

' overnight — the greater part of the liquid is 
! decanted off through a close filter, lea-ring about 
40 ml. of it in the beaker -with the precipitate. 
The filter is washed with dilute hydrochloric 
acid, the washings being used to redissolve 
the precipitate in the beaker. After complete 
re-solution, the contents of the beaker arc 
rendered ammoniacal by slowly dropping in 
dilute ammonia -with rigorous stirring until the 
precipitate assumes as before a dense crystalline 
form. Excess of ammonia solution (sp.gr. O-SSO), 
equal to about one-fifth or one-sixth of the bulk 
of the liquid, is added and the whole allowed to 
stand -with occasional vigorous stirring for at 
least 1 hour. The precipitate is then filtered, 
washed well -with ammonia (sp.gr. 0-970), dried, 
icnited and weighed as Mg.P.O^. 

''The re-solution and second precipitation of 
the ammonium magnesium phosphate 
essential feature of the procep, since in the first 
precipitation small quantities of magnesium 
oxalate are usually formed. The non-observance 
of this precaution has been a frequent source of 
“ hich ” results. 

The presence of ammonium citrate and am- 
monium oxalate results in the retention in solu- 
tion of a minute quantity of P-Oj. In earhcr 
dnvs it was usual to precipitate the atumonium 
masmesium phosphate, in a flocculcnt form, b} 
the' udden addition of atnmom'a and magnesium 
mi.xture, and under these circumstances (sff, for 
example, the original directions of Fresenms) a 
verv substantiar correction was ncre.-'^aty for 
solubilitv of the precipitate. Cra’Stallinc precipi- 
tation, however, reduces this to a minimum, and 
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the accurate determination bj molybdic acid of 
the pbosphonc acid in the evaporated and 
Ignited filtrates ohtamed in a large number of 
analyses of numerous grades and varieties of 
phosphate indicates that, ifthe process be earned 
out as here described, the quantity of PjOj 
which escapes precipitation corresponds to an 
averageofapproiimately 0 0025g of MgjPjO,, 
which quantity must be added to the weight of 
MgjPjO, obtained, together withhalf the weight 
of the small ammonia precipitate (obtamed from 
the calcium oxalate precipitate), unless this was 
redissolved into the mam filtrate (see o&ote) 

If the precautions herein set forth are ob 
served, the results will be identical with those 
obtainable by the accurate working of the 
molybdate method (Jorgensen) 

Direct Magnesium Precipitation with- 
out Removal of Calcium — This method con 
sistsin addingtothe acid solution of the phosphate 
a la^e excess of citnc acid, sufficient to prevent 
calcium precipitation, and of ammoma. and m 
the direct precipitation of the phosphoric acid 
by magnesium mixture, without re solution 
This method (with certain precautions) answers 
well for basic slag (see later), and in some hands 
appears to give good results mtb nuneral phos 
phates It does not, however, answer equally j 
well for all phosphates, and the result, even I 
when accurate, owes its success to a balance of 
positive and negative errors, since the precipi 
tate finally weighed does not consist of pure: 
Mg|PjOj as is assumed to be the case For| 
rough work, as m phosphate prospecting when 
an error of 0 5% or so is of small moment, it is 
excellent, being expeditious and involvmg a 
mimmum of trouble It is essential that silica 
should be eliminated by pcelimmary evaporation 
of the scid solution to dryness as in the preceding 
section 

DETEBS^NATIO^ OF rEBRTC OxiDE AMD 
ALTTMIHA I’l iIU.EEAP PnOSTHAVES 
The solvent used should be hydrochlonc acid 
rather than aqua rtgia The latter is sometimes 
recommended For many phosphates it is 
perhaps immatenal which solvent is used But 
some phosphates (eueh as American nver pebble 
phosphates) contain much pyrites If aqua 
Ttgxa is used, this is dissolved and included os 
feme oxide— which is misleading, seeing that 
pyntes 13 not attacked bj tbe snlpbunc acid 
used in superphosphate making, and is conse 
qucntly non injunous It should, therefore, be 
ehminated with the silica, as is tbe case if hydro 
chlonc acid be used as tbe sohent 

There are two methods in use which accu 
rately determine feme oxide and alumina 

Acetate Method — 2 g of phosphate are 
treated with strong hydrochlonc acid The 
solution IS evapoialM to dryness and the residue 
redissolved in acid and water and filtered from 
the idieious residue The filtrate is oxidised by 
addition of bromine water until orange coloured, 
nearly neutralised with ammonia, cooled and 
precipitated still cold with a Lberal excess of 
ammoniam acetate solution containing an excess 
of acetic acid After standing some hours, the 
precipitate is filtered off and washed with hot 


I The bulky precipitate contains all the ferric 
! oxide and alumma (as phosphates), together with 
I a varying quantity of calcium phosphate It is 
I dned, igmted and weighed It is then dissolved 
I ma very small quantity of hydrochloric acid and 
I about 1 g of citnc acid and 0 5 g of ammonium 
oi^Iate added, sl^ht excess of ammonia, and 
I then excess of acetic acid After simmermg 
I gently for J hour the calcium oxalate is filtered 
off, ignited and weighed as carbonate The 
phoaphonc acid is then determmed, exactly as 
m the citnc oxahe magnesium method of phos 
phate analysis already desenbed — except that 
the operation is conducted all through m solu 
tions of very small bulk The sum of the lime 
and phosphone acid deducted &om the weight of 
the ammomum acetate precipitate will give the 
feme oxide and alumina The iron ts deter 
mined by precipitatmg with ammomum sulphide 
the total ^trates and washings from the precipi 
tation and reprecipitation of the ammomum 
magnesium phosphate If allowed to stand for 
an hour or two at a temperature of about 80®C , 
the precipitate settles well, and may be rapidly 
filtered, washed with hot water to which a little 
ammonia and ammonium sulphide are added, 
Ignited strongly and weighed as Fe-Oj The 
alumina is obtamed by difference The method 
IS tedious, but accurate 
Modified Glaser Method — ^Tbe following 
method, modified from that of Glaser (which 
onginaUy, hut incorrectly, assumed a con 
stancy of composition of the precipitate of mixed 
phosphates) is somewhat shorter, and gives 
results identical with those obtained by the 
method just described 

4 g of the phosphate are treated with about 
25 m of strong hydrochlono acid and eva 
porated to dryness The residue is taken up 
with 10 ml of strong sulphuric acid, about an 
equal bulk of water being cautiously added 
After digestion in a water bath for about ^ hour, 
the cake of calcium sulphate is well broken up 
by stirring with a glass rod, and the whole con 
tents of the beaker are washed into a 200 ml 
Bask with ordinary strong alcohol (methylated 
spirit), and allowed to remam foe an hour with 
frequent shaking The contents are then made 
up (with spint) to 200 ml , again u ell shaken and 
filtered rapidly Of the clear filtrate, 100 ml 
(=2 g of the sample) are evaporated in a glass 
or porcelain basm until the residue fumes and 
begins to char," when it is washed with a 
little hot water into a beaker and mixed with 
sufficient bromine water to make it strongly 
orange coloured After standing for 4 hour, 

I the liquid u heated nearly to boding and precipi 
I lated with shght excess of ammonia, kept in a 
I water hath for J hour, and made sLghtly acid 
[ with acetic acid The precipitate (which, under 
these conditions, contains oidy phosphoric acid, 
ferae oxide and alumina) is filtered off, washed 
with a slightly ammoniacal 20% solution of am 
monium mtrate, dned, ignit^ and weighed 
It 13 then dissolved in a Lttle hydrochlonc acid, 
1 g of citnc acid is added to the solution, whieli is 
then made ammoniacal, and the pbosphonc acid 
determined by precipitation with magnesium 
nuxture Tbe total bulk of fluid should be 
kept within about 100 ml In this case, the 
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SO 

The ofBcial method prescril)ed (1932) m Eng 
land under the rertihsera and Peeding Staffs 
Act, hoTrever, wbach should be adhered to m 
disputed cases, is the molybdate method. 

The official prescription of the Ministry of 
Agnculture (1932) for determmation of total 
phosphate m fertihsers is as foUoira — 

“ (A) A weight portion of the sample shall be 
heated with concentrated snlphune aad ontil 
aU orgamc matter is destroyed and the phos 
phone acid is completely i^ solution After 
dilation the solution shall be filtered, the in 
soluble matter throughly ■washed and lie 
filtrate made up to a defimto bnli. The phos 
phone acid shall be determined by the method 
desenbed m paragraph (it) {«) m an ahqnot 
part of the solution which shall first bo nearly 
neutralised and then acidified with mtnc acid 
The insoluble matter is to be washed from the 
filter, re-extracted with aad and any phosphone 
aad present m the solution is added to the mam 
quantity 

“ (B) AUtmaltn Mtihod —A weighed portion 
of the sample shall be memcrated or otherwise 
treated to destroy organic matter, if present 
When direct incmeration is employed, the 
weighed portion of the sample shall be treated, 
before being heated, with A nitrate or other 
oxidising material to prevent loss of phosphone 
acid during heating or subsequent treatment 
The residue (or the weighed portion taken, if no 
organic matter is present) e&all be dissolved in 
hydrocUoneaad, with the addition, if necessary, 
of mtnc acid, and the eolation shall be evaporate 
to dryness or, if moch calcium is present, to » 
avropy consistency to fix silica The residoo 
snail be boiled with mtnc acid and, when macb 
iron u present, with hydrochlonc aad sJso 
After dilution the solution shall be filtered, the 
insoluble matter thoroughly washed and the 
filtrate made up to a definite bulk The phos 
phone acid shall be determined in an aliquot part 
of the solution by the method presenbed lU 
paragraph (iv) (e) The insoluble matter is to 
be washed from the filter, re extracted with aad 
and any phosphone aad present in the sdlatioo 
added to the mam quantity 

Molybdate Mtihod — (iv) («) To the solution, 
which should contam not more than 0-4 g of 
phosphone acid (PjO.) and preferably from 
0 I to 0 3 g , (obtamed by any of the methods 
desenbed in precedmg paragraphs) 100-160 ml 
of molybdic acid solution prepared as described 
below, or an excess of such solution, i more 
than IS saffiuent to precipitate all the pbos 
phone acid present in the solution, shall be 
added and the vessel containmg the solution 
shall be placed m a water bath maiotamed at. 
70‘C for 15 mmutes or until the solntion has 
reached 7CI®C It shall then be taken out of the 
bath and allowed to tool and the solution shall 
be filtered the phospho»molybdate preapitate 
being washed several times by decantation and 
finally on the paper with 1®^ mtnc acid eolation. 
The filtrate and washings shall be mixed with 
more molrbdic acid solution and allowed to 
stand for some bonrs in a warm place in order 
to ascertain that the whole of the phosphoric 
acid has been precipitated The pbospho- 
molybdate precipitate shall bo di-solrcd in cold 


1 2% ammoma solution, prepared as desenbed 
below, and about 100 ml of the ammoma solu 
tion shall be u«ed for the solution and washmgs 
Tlie solntion shall be rai'ed to the boiling pomt, 
the beaker removed from the burner and 15-20 
ml. of magnesia mixture, prepared as desenbed 
below, or an excess of such mixture, i c. more 
than suffiaent to preapitate all the phosphone 
aad present, shall then be added drop by drop, 
with constant stirring The stimng shall be 
contmned at mtervals so long as the liquid 
remains very warm After standing at least 
4 hwEoa wili occaaittnal stimng, tie preapitate 
shall bo filtered off, washed with 2®o ammoma 
solution until free from chlonde, dned and 
finally weighed as magnesium pyropho«phate 
The filtrate and washings should not exceed 
200 ml , and die to be tested by the addition of 
more magnesia mixture 
Molyhdic Sdtttion — “ The molybdic acid solu 
twin ^all bft ptepased as feSaiwe — 

“ 125 g of molybdic aad and 100 ml. of 
water shall be placed in a htre fiask and the 
molybdic aad shall bo dissolved by the 
addition, while the fiask is shaken, of 300 m! 
of ammoma solution, prepared as described 
below 400 g of ammomum nitrate shall he 
added, the solution shall be made up to the 
mark with water and the whole added to 1 htio 
ofutne sud (spgr 119) The «olutioa shall 
be maintained at about for 24 hours and 
then filtered ” 

J/o^na»to Jfuturr— “The magnesia mixture 
shall be prepared as follows — 

‘ 110 g of crystallised magnesium chlonde 
Aiid 140 g bf ammoniDm chlonde shall be du 
solved in 1,300 ml of water This solution 
shall be mixed with 700 mk of 8% ammoma 
solution and the whole shall be allowed to 
stand for not less than 3 days and shall then 
be filtered.*’ 

Ammonia Sdulions — ^“The 8®® ammoma 
solution shall be prepared as follows * — 

“ One volume of ammonia solution of sp gr 
I 0 850 shall be mixed with three volumes of 
water This solution shall then be adjusted 
by the addition thereto of more strong am 
moma solution or water as required until the 
specific gravity of the solution is 0 967 
* The 2^0 ammonia solution shall be prepared 
as follows • — 

' One volume of 8 per cent ammoma 
solution shall be mixed with three volumes of 
water 

Reverted Phosphate — ^The ' reverted ” 
phosphate in superphosphate may be estimated 
as follows 2g of the sample are stirred np in a 
beaker with successive quantities of 60 ml. of 
water, each portion, after settling, being de- 
canted off through a filter The water soluble 
phosphate having been thus approximately 
removed, the matter on the filter is washed back 
into the beaker with a little water, and the un 
dissolved matter is digested overmght at room 
temperature with 100 ml of a strong solution of 
ammonium atrate containing excess of am 
moma, then warmed to 40®C for an hour, with 
frequent shaking, and the insoluble matter 
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N B — This method is lai^ely m use on the 
Continent, without obserrance, however, of the 
imtial precaution of evaporating the acid boIu 
tion to dryness to remove soluble aibca If the 
slag be merely digested with acid and the hqmd 
filtered and precipitated without liaving been 
evaporated to dryness, the results may be 
seriously in excess of the truth. This has been 
pointed out by several investigators, but even 
now does not seem to be well recognised 
The phosphate soluble in 2% solution of 
citric acid is determined according to the 
method prescribed m the official directions of 
the Jlmistry of Agriculture, which is the method 
originally suggested by P Wagner and generally 
known by his name 

“ Cttnc Soluble Phoaphonc Acid (that ta, PAos 
phone Acid Soluble tn the Prescribed 2% Citric 
Acid Solution) — 5 g of the sample shall bo trans 
ferred to a stoppered bottle of about 1 htre 
capacity 10 g of pure crystaUised citrw acid 
shall be dissolved in water, the volume shall bo 
made up to GOO ml , and the solution sViaU be 
added to the weighed portion of the sample m the 
bottle To lessen the possibihty of caking, the 
portion of the sample in the bottle may be 
moistened with G ml of alcohol or methylated 
spirit before the citric acid solution is added , 
and in that case the volume of the citno acid 
solution shall bo 495 ml instead of 500 ml 
The bottle shall be at once fitted into a meebam 
cal shaking apparatus, and shall be contmuously 
agitated during 30 mmutes The solution sball 
then be filtered through a large ‘ folded ’ filter, 
the whole of the liquid being poured on the paper 
at once If not clear, the filtrato shall be again 
poured through the same paper 
‘ GO ml of the filtrate shall be taken and 
the phosphoric acid shall bo determined by the 
molybdate method prescribed “ 

It may bo added that 100 ml of the solution 
(■»! g of sample) can be used equally well for 
the molybdate determination 
Tbo temperaturo at which the agitation with 
citrio acid solution should bo carried out is not 
mentfoneJ m fie current rcgufafion of t6o 
I^Iimatry of Agriculture, but is prescribed In 
Germany and also in America as 17 G°C In the 
experience of the present writer it is desirable 
that the temperature of the solution and of tbo 
surrounding air should not bo lees than this 
The phosphate in the citric acid solution of 
the slag 13 frequently estimated by direct pre 
cipitation with magnesium mixture after addmg 
a la^e excess of ammonium citrate. Tho results, 
howc\er, arc inaccurate ^being too bigb) unless 
tho citric acid solution of tbo slag is first evapo 
rated to dryness with hydrochloric acid to 
ehmmato soluble sdica If this precaution bo 
taken, the results compare well with those of tho 
molybdate method — nhich, on the whole, is 
quicker, and therefore preferable 

AsxLYsia or Potash Salts 
Some commercial potash salts are of complex 
constitution, others are approximately simple 
salts Tho methods of determining such con 
•tituents os calcium, magnesium, clitonne, etc, 
do not differ from tliose ordinarily employed lO 
Snorgatuc analjiis, but the essential dctennina* 
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tion, namely, that of potash, may be described 
Broadly speaking, two methods are in use, 
namely, the platinum chloride method and 
the perchlonc acid method The perchlorifl 
acid method was formerly but little used in 
this country, but owing to the great increase 
in the cost of platinum chloride has now come 
into wide use, and, while ranking with the 
platinum chlonde method as “ official ” in 
England, it has in practice largely eupereeded it 

The following are the details of the methods 
for detcrmimng potash in potash salts and in 
fertihsers officially prescribed m England 

Salts o/ Potash Free from Sulphates 

A weighed portion of the sample equivalent m 
potash content to 1 5-2 0 g of potash (KjO) 
IS dissolved in water, filtered if necessary and 
made up to 600 ml 

Perchlorate Method. — 50 ml of the 
eolation are placed in a small glass or porcelain 
basin and mixed with about 7 ml of a 20% 
solution of perchloric acid (sp gr 1 126) free 
from chloric acid and evaporated on a hot plate 
or sand bath until white fumes are copiously 
evolved The precipitate is redissolved in hot 
water, a few drops of perchlono aiid solution 
added and the whole again concentrated to the 
fuming stage After cooling the residue is 
thoroughly stirred with 20 ml of alcohol of 
spgr 0 800-0 812 (95-96% of alcohol by 
volume) The precipitate is allowed to settle 
and the clear hquid poured through a weighed 
or counterpoised filter paper (or throu^ a 
Gooch crucible), the precipitate being drained as 
completely as possible The niecipitate is 
washed by decantation with alconol previously 
saturated with potassium perchlorate at the 
temperature at which it is used, the washings 
being poured through the paper (or Gooch 
crucible) on which the precipitate is finally 
coUected, dried at lOO^C and weighed The 
precipitate consists of KCIO4 and is calculated 
to its equivalent KgO 

Pla1lnum>Chlorlde Method — 60 ml of the 
Bofntion are acidified with iydrocATonc acid and 
10 ml (or an excess) added of solution of 
platinum chlonde containing 10 g of platinum 
per 100 ml After evaporation to a syrupy 
consistency in a water bath, the contents of the 
basin are allowed to cool and washed by 
decantation Tilth alcohol of spgr 0 864 until 
the washings are colourless The washings are 
passed through a weighed or counterpoised 
filter paper on which the precipitate is finally 
collected, washed with alcohol, dried at lOO'C 
and weighed as K^PtCI, and calculated to the 
equivalent K^O. 

Salts 0 / Potash Containing Sulphates 

A weighed portion of tho sample equivalent 
to 1 6-2 0 g of potash (K^O) is boded with 
300 ml of water to which has been added 20 ml 
of hydrochlono acid Banum chlonde is 
continuously added, drop by drop, to the boding 
solution until the sulphunc acid is completely 
•precipitated The Lquid is cooled, made up to 
600ml andfiltcrcd 60ml ofthefiltratoarothcn 
evaporated to dryness, moistened with hydro 
ehlonc acid, again evaporated to diyness, taken 
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up tvitL dilnte hrdrocUoric acid, filtered if 
necessaiT, and the potash determined by the 
perchlorate method or by the platinnm-chioride 
method as already described. 

Cobaltinitrite Method. — Alternatively, a 
■weinhed portion of the sample containinc'l-o- 
2-0 g. of potash (K.O) is boiled m'th 3(X) mL of 
tvater made up to 500 mb and filtered, and to 
50 ml. of the solution are added 30 ml. of a solu- 
tion of cobaltirutrite (made by dissolving 50 g. 
of cobalt nitrate and 300 g. of sodium nitrite in 
water, acidifying with 25 ml. of glacial acetic 
acid and diluting to 1 litre — the solution beinn 
filtered after standing 24 hours and kept in the 
dark). The misture is stirred, allowed to stand 
for not less than 2 hours, filtered and the preci- 
pitate, .'onsisting of potassium cobaltinitrite, 
washed with water containing a little cobalti- 
nitrite solution. The precipitate is dissolved in 
hot dilnte hydrochloric acid, evaporated to dry- 
ness in a small porcelain dish, redissolving in 
water, and the potash determined in the solution 
with perchloric acid as already described. 

Pda^h ir. Gucr.os cr.d ir. Feriilinrs. 

The directions in the P.egnlations of the 
Ministry of Agricultare (1932) directed that 
10 g. of the sample shall be gently incinerated 
to char organic matter if present, and then 
heated for 10 minutes with 10 mL of concentrated 
hydrochloric acid and boiled with 300 mL of 
water and filtered. The liquid is raised to boiling 
point and powdered barium hydroxide is added 
until the liquid is slightly alkaline. It is then 
cooled, made up to 500 mj. and filtered. Of the 
filtrate 250 mL are treated with ammonia and 
excess of ammonium carbonate and (while 
boiling) with a little powdered ammonium oxa- 
late, cooled, made up to 500 mL and filtered. 
(This method of precipitation with barium 
hydroxide has been found to involve some loss 
of potash — see laler). 

Of the filtrate 100 ml. are evaporated to dry- 
ness, and the residue heated gently over a low 
Same until all ammonium salts are expelled, 
the temperature being kept below that of low 
redness. The residue is moistened with con- 
centrated hydrochloric acid, evaporated to 
dryness, taken up with dilnte hydrochloric 
acid and filtered. The potash is then deter- 
mined by the perchlorate method as already 
discribed. 

As an alternative (oficial) method the liquid 
obtained by boiling the gently incinerated ash 
from 10 g. of the sample with 10 ml. cone, 
hydrochloric acid and finally with 300 ml. water 
is filtered into a 4 litre flask and the residue 
washed- The liquid is made up to 500 ml. and 
50 ml- are taken, boiled with a solution of sodium 
nitrite to expel any ammonium salts, and 
evaporated to dryness. The residue is redis- 
Eolved in water containing a little hydrochloric 
acid and sufficient sodium citrate added to pre- 
vent precipitation of phog)hates. 30 mL of 
cobaltinitrite solution are added and the same 
procedure is adopted as in the already described 
cobaltinitTite method for potash salts containing 
sulphates. 

Thf= alternative method gives correct results. 
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But the othermethod involving the use of barium 
hydroxide to remove phosphoric add as well as 
sulphates, unfortunately involves a source ' of 
error that has been long overlooked although 
this method of procedure has for many years 
been regarded as an accepted matter of routine, 
and the method wiQ probably be amended when 
revised regulations are issued. When the potash 
content is large there is an appreciable loss of 
potash by occlusion or adsorption by the precipi- 
tated barium phosphate. 

This loss may be obviated by using calcium 
oxide instead of barium hydroxide to remove the 
phosphoric acid. 

The following method is one somewhat im- 
proved by the writer from a method in official 
use in Holland, and is applicable to all mixed 
fertilisers containing pota!^ salts : — 

10 g. of the sample are gently incinerated, 
placed in a 500 ml. flask and warmed with 10 ml. 
h3-drochloric acid, gradually diluted with water 
to about 300 mL and boiled. 10 g. of pure h'me 
(made by calcining pure CaCO, in a muffle) 
are made into a cream with water and poured 
into the flask which is gently boiled and heated 
in a water-bath for 4 hour with frequent shak in g. 
The flask is cooM and made up to 500 ml. 
The contents are filtered and 250 ml. are placed 
in another 500 ml. flask and made acid with 
hydrochloric acid, boiled and barium chloride 
added sufficient to predpitate all sulphuric add. 
The liquid (without ffitration) is then made 
alkaline with ammonia and the calcium and 
excess of barium removed in the usual way with 
armnonium carbonate and a little oxalate. After 
cooling and making np to the mark, the liquid is 
filtered and 100 ml. evaporated to drjTiess. 
The ammonium salts are expelled in the usual 
way by the use of a very low gas flame. The 
potash is then determined by the perchlorate 
method as previously described in the offidal 
method. 

T) FT rp.wr v < TTOX OF XlTEOGES’ IS 
Feethjsees. 

This is efiected by the wet combustion method 
which bears the name of its inventor, Kjeldahl, 
although it has been variously modified. 

In eibsence of nitrates (wMch must first be 
ascertained) the method commonly in use and 
prescribed by the ilinistiy of Agriculture for use 
under the Fertilisers and Feeding Stuffs Act is 
the modification known as the Kjeldahl-Amold- 
Gunning method, being as follows : — 

A weighed portion of the sample is placed in a 
KjddaM digestion flask with 25 ml. (or more if 
necessary) of concentrated sulphuric acid and a 
globule of mercury or a smaE crystal of copper 
sulphate. The contents are gentiy heated until 
frothing ceases, when 10 g. of potassium or 
sodium sulphate (anhydrous) are added and the 
flask further heated until the colour of the clear 
liquid ceases to diminish. The digestion is then 
further continued for at least another hour. 
(With some materials such as hoof and horn yet 
another hour’s digestion is desirable.) The con- 
tents of the flask are washed into a distillation 
flask and the ammonia determined by distil- 
lation into standard acid after liberation by 
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sodium hydrate solution When mercnty has 
been used, a small quantity of sodium sulphide 
18 added — after the introduction of the sodium 
hydrate solution — to decompose anv mercur 
ammomum compounds formed during the 
digestion 

When nitrates are present in conjunction with 
organic and ammoniacal rutrogen the method 
prescribed is the Kjeldahl Arnold Gunning 
Jodlbaur method 

A weighed portion of the sample is treated in a 
Kjeldahl digestion flash with 30 ml of con 
centrated sulphuric acid contaimng 1 g of 
sahcyhc acid or 1 g of phenol, the flash being 
shaken so as to mix its contents without delay 
(It 13 preferable to hold the flash immersed in ice 
water ) The shaking is continued at intervals 
during 10 minutes, the flash being kept cold and 
then 10 g of potassium or sodium sulphate 
(anhydrous) are added together with either 6 g 
of crystallmo sodium thiosulphate or 2 g of 
zmo dust The operation is then conducted 
as already described for samples containing no 
nitrate 

The rationale of the process is that the mtnc 
acid when hberated by the sulphuric acid forms a 
nitro compound with the phenol or salicvlic acid 
which 13 subsequently reduced and finally yields 
ammonia 

The method works accurately except when the 
fertiliser contains a substantial quantity of 
potassium or sodium chloride In toe case of a 
fertiliser containing suMrphosphate organic 
nitrogen, ammonium sulphate and potassium or 
sodium nitrate and commercial sulphate of 
potash, the results ate accurate But if the 
fertihser contains a substantial admixture of 
potassium chloride or of a low grade potash 
salt containing much sodium chloride, the 
method unfortunately entails some loss of 
nitrogen by the evolution of NOCI. and the 
figure obtained for nitrogen m such cases may 
be substantially too low 
In such cases the writer has found that correct 
results are obtainable by combining the Bevarda 
method (wluch is described later in its sppli 
cation to the analysis of nitrates) with the 
Kjeldahl method in one operation, as follows 
(tee Dyer and Hamence, Analyst, 1938, 63, 
SC6-870) — 

About 2 g of the sample and 3 g of finely 
powdered Devaida metal are placed in a 600 ml 
Kjeldahl digestion flash, and the sides of the 
flask woshed down with 60 ml of water The 
flash is closed with a rubber stopper provided 
With (o) a top funnel, (6) a delivery tube con 
nected with a XJ tube (with bulbs) contaimng 
10 ml of 10^0 sulphunc acid 6 ml ofsodinm 
hydroxide solution of 1 40 sp gr are added 
throngh the tap funnel The flash is allowed to 
stand for J hour and then heated to just short 
of the boilmg point for a further hour 

At the end of this digestion the flash is rooled 
and 20 ml of sulphunc acid of 1 60 sp gr ate 
added through the tap funnel in such a manner 
that the sides of the Kjeldahl flask are washed 
down by the acid The rubber stopper is 
removed and the contents of the U tnbe are 
washed out into the Kjeldahl flash 

25 ah of concentrated sulphuric acid are 
V 
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added to the flask and the flash heated until all 
the water has boiled off 10 g of sodium sul 
pbate are added and the flask heated until the 
coloor of the clear Lquid ceases to dimmish 
and for 2 hours thereafter The operation may 
be accelerated by the addition of a globule of 
mercury The ammonia is then distilled off as 
m the Kjeldahl method 

Speetal Modijicaltons for Calttum Cyanamide 
— ^In the case of calcium cyanamide (free from 
mtrate) the Kjeldahl Arnold Gunning method 
requires a sbght modification If the calcium 
cyanamide is treated with strong sulphuric acid 
as in the case of other fertilisers, it is well 
established that there is a loss of mtrogen 
In dealing therefore, with this matenal the 
sulphuric acid (25 ml ) must be first diluted 
with an equal volume of w ater and the digestion 
(with a drop of mercury) continued as usual 
There is then no loss of nitrogen 

In the case of calcium cyanamide in which 
nitrate has been incorporated (see p 65) the 
ordinary Jodlbaur method is not available 
owing to the necessity for dilution of the sul 
phutic acid for getting the whole of the cyana 
mide mtrogen , while if the acid is diluted 
there is, on the othei* hand, a loss of nitrio 
nitrogen, as this cannot be “ fixed " by the 
phenol or sabcylic acid except m strong sul 
phiinc acid 

It 13 found, however, that the combmed 
Dovotda Kjeldahl method (Dyer and Hamence), 
already described gives accurate results for the 
total nitrogen in this mixture of calcium cyana 
mide and mtrate 

Determination of Nitrogen in Sodium or 
Potassium Nitrate — This may be effected by 
the Devarda method or by the Ulach method, 
which methods are prescribed as alternatives 
in the regulations of the Ministry of Agneniture 
(1932) The former is preferred by the writer 
It 13 best earned out as follows 6 g are dis 
solved in 500 ml of water and 100 ml (*=1 g 
of sample) are placed in a distillation flash with 
not less than 6 g of powdered Devarda metal 
diluted with about 300 ml of water An excess 
of concentrated sodium hydroxide solution is 
then added and the flash la immediately con 
nected with a distillation apparatus, allowed to 
eland for at least J hour, slowlj heated and 
the resultmg ammonia distilled off and collected 
in the usual way 

In the Ulsch method a measured quantity of a 
solution of the nitrate equivalent to 1 g i* 
placed in a J litre Etlenmayer flash with 10 g 
of reduced iron and 20 ml of sulphuric acid of 
sp gr 1 35 The flask is closed with a rubber 
stopper provided with a thistle headed funnel 
contaming glass beads, and allowed to stand 
until effervescence ceases after which it n 
boded for 6 minutes , and after removing the 
flash any hquid on the beads in the funnel is 
nnsed with water into the flask, the contents of 
which are again boded for a few minutes and 
the beads agam washed with water The con 
tents of the flash are then mixed with excess of 
soda and the ammoma distilled off in the usual 
way 

A disadvantage of the Ulsch method is the 
very usual presence of an appreciable quantity 
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of nitrogen in reduced iron wliich is apt to be 
irregularly distributed so that even the usual 
precaution of a “ blank experiment ” may some- 
times fail to secure an accurate result. It 
is mainly oinng to the difficulty often experi- 
enced of getting reduced iron containing a 
minimum of nitrogen that the -n-riter has b^n 
led to prefer the Devarda process. 

General Observations on Nitrogen Determina- 
tion . — The quantity of material operated upon 
for the determination of nitrogen vrill vary 
according to its nature. In the case of materials 
rich in nitrogen, from 1 g. to 1-5 g. may be used. 
On the other hand, in the case of materials com- 
posed chiefly in organic matter, and containing 
only small quantities of nitrogen — ^like Iotv 
quah’ty dissolved bone compounds — as much as 
5 or 6 g. may be conveniently operated upon. 
It fr usually convenient to make trvo simul- 
taneous experiments on different quantities of 
the materi^ such as 1 g. and 1-5 g., or 1-5 g. 
and 2 g. The larger the quantity of material 
that can be satisfactorily dealt rrith, the less, 
obviously, is the multiplication of experimental 
error. Duplicate results, in careftd hands, 
should differ by no more than a ferv units in the 
second place of decimals, rvhen expressed as 
percentage of nitrogen in the material under 
examination. 

It is important that all the materials used in 
any of the methods described must be examined 
as to their fireedom from nitrogen, by means of a 
control experiment carried out under similar 
conditions rrith the same quantities of the re- 
agents rvhich are employed in the actual analysis, 
1 g. of pure sugar being substituted for the 
rvei^ed portion of the sample. The quantity of 
standard acid neutralised in the control experi- 
ment — rvhich should be small if the materials 
are good — must be deducted from the total 
quantity of acid found to have been neutralised 
in the distillation of the sample. The observance 
of this precaution is of vital importance, seeing 
that small quantities of nitrogen compounds are 
sometimes found even in sulphuric acid sold as 
pure for analysis; rvlule traces of nitrates or 
nitrites may be present in sodium hydroxide. 

In the case of ammonium sulphate or other 
material containing nitrogen in the form of 
ammonium salts only (other than ammonium 
nitrate), the nitrogen may be determined by 
simple distillation rrith alkali. 

Lime. — In hme for agricultural use the regu- 
lations of the Ministry (1932) at present in force 
direct that the free lime (calcium oxide) shall be 
estimated as follorvs : — 

The sample is rapidly ground and passed 
through a sieve having apertures of 0-2 nun. 
square. 5 g. of the porvdered sample thus pre- 
pared are placed in a litre bottle moistened rrith 
10 mL of neutral alcohol (to lessen possibility of 
caking) ; 490 mL of a 10% solution of cane sugar | 
(neutral to phenol phthalein) are added, and the 
bottle agitated in a shaking apparatus for not 
less than 4 hours. The solution is then filtered 
and an aliquot part titrated rrith semi-nonnal 
hydrochloric acid, usiTig phenol phthalein as 
indicator. 

This method does not take into account a^ 
lime present as carbonate (rvhich should also be 


determined and stated separately) and also 
ignores that portion of the Hme rvhich, in Hme 
burnt from sflicions Hmestone, remains after 
burning in loose combination rrith sflica and 
easily neutralises dxlnte acids. Such Hme may he 
less rapidly available than free Hme, hut is not 
rrithout agricultural value. 

General Observations as to Preparing 
Samples for Analysis. — In the case of aH 
samples, rvhether of fertilisers or of rarv materials 
for nse in their manufacture, it is obriously im- 
portant to obtain a thoroughly representative 
portion for analysis. 

To this end it is usuaL in the case of porvdered 
fertiHsers in dry or moderately dry condition, to 
pass the sample through a sieve, the perforations 
of rvhich are about 1 mm. in diameter, pul- 
verising the portions at first retained on the 
sievfr — either in a mortar or, better, in a suitable 
mill — -until they pass through. Adventitious 
materials rvhich cannot be conveniently crushed, 
such as fragments of metal sometimes found in 
basic slag, must be removed and weighed, and 
subsequently aUorved for in calculating the 
results of the analysis. 

Some materials, Hke shoddy, wool waste, or 
hair, cannot be powdered, but as a rule they can 
be passed through a shredding machine; or, if 
this is not possible, they must be finely cut np by 
hand. 

Some moist fertilisers also do not admit of 
being passed through a sieve, and in_ dealing 
rrith these the analyst must use his discretion 
as to the best mode of obtaining an average 
sample. , 

In the case of many moist matenals, especially 
fibrous materials like shoddy or wool waste, or 
gnano, moisture is inevitably lost during the 
preparation of the sample. It is therefore neces- 
sary to determine the moisture separately in a 
lart'e average portion of the original material 
before proceeding to pulverise the remainder. 
The moisture must also be determined in the fine 
material as prepared for analysis, and the results 
of the analysis recalculated so as to represent 
the percentages present in the sample in its 
oririnal moist condition. 

(>vstaUine or saline materials, Hke ammonium 
"Uilphate, potassium chloride, kainit or sodium 
ffitratc, are best- prepared by mixiiig and rapiffiy 
grinding in a stoneware mortar, the portion 
Served for analysis being especially finely 

^I^tbe case of raw mineral pbo^hates, it is 
gsual to determine the moisture in a rough 
rample separately taken for this purpose, and 
to conduct the rest of the analysis on a, sepa- 
rately prepared fine portion, after drying the 
latt^ at 100° — ^the results being returned on the 
dry basis, with a simple statement at the foot 
of the analysis of the percentage of moisture in 
the rough sample. 

But in the case of almost aU other materials, 
the results of the analysis are returned as per- 
centages of the material in its original moist 
condition. 

B. D. 

"PESEMCO ” slate (Vol. IV, 117c). 

FETTBOL (Vol. n, 26c). 

•‘FIBERLOID ” (Vol. H, 4435, 4S0a). 
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FIBRES, ANtMAL, SILK. Silk is a 
Bolidified Becretion pioduted by the larvse of 
numerous species of moths, all of which are 
members of the natural order Lepulopfera The 
most important of these silk spinners are Bonibyx 
moTi (mulberry worm), Bcmbyx textor, Bombyx 
BinensM (Chmeso monthly worm), Bombyx eroen 
(hot weather worm), Bombyx fortunalua (cold 
weather worm), Anlkerza mybtta (Tussah silk 
worm), Antheriea pemyx (which yields Shantung 
Bilk), Attacua ricini (which yields Ena Bilk), and 
Allaciu cynOita Most of the Bombyx moths 
are domesticated or bred under controlled con 
ditions, with the object of producmg the best 
type of Bilk, known as true Bilk, whereas the 
Salurmdx are not cultivated to the Bame extent 
and consequently yield a less valuable product, 
known as wild silk The latter, although 
generally brown in colour and coarser and stifTer 
than true silk, has increased in importance 
during recent years owing to advances in the 
technology of processmg The fibre obtamed 
from Bombyx mart, which feeds on the leaves of 
the mulberry tree { Slorut alba or bforus rubra), 
IS usually taken as the standard for true silk, 
and unless otherwise stated, the term Bilk used id 
this article refers to this standard product 
Great care is exercised in the rearing of silk 
worms and much research has been earned out 
to determme the optimum conditions for the 
larvs It has been found (Nakahatna and 
Nishtmura, Bull Agric ^em Soc Japan, 1037, 
13, 45 79) that atmospheres of higa relative 
humidity tend to cause a reduction in the quality 
and amount of silk produced, and that excessive 
feeding, although resultmg m larger and heavier 
cocoons, has a similar deletenous effect upon 
the quality of the silk Conditions m the silk 
worm establishments or filatures must be care 
fully controlled if the best results are to be 
obtained, especially as tbe larvs are subject to 
a considerable number of diseases, some of 
which are highly contagious, < g p^bnne, 
fiacbene, grassene and moscardme The silk 
worm 18 hatched in the larval form from eggs 
laid by the moth, and after feedmg voraciously 
for 32-3S days, during which time it changes its 
skin four times, passes into the pupal stage 
As a means of protection from external agencies, 
the insect spins a cocoon round its body by 
ejecting the contents of its two silk glan^ 
through mmute spmnerets, one on each side of 
the head By this means, two filaments or 
brins, composed of a protein known as fibrom 
and cemented together with sencm, a compound 
similar in constitution but different in properties, 
are produced Thu composite raw silk thread, 
which solidifies on emerging into the air, is 
termed tbe have 

There u considerable controversy as to the 
exact method by which these threads ace pro 
duced, and the topic has recently been compre 
... ly reviewed by Bcrgmann (Text Res 
J9, 9, 329) According to early workers on 
^silk .formation sencm u product by atmo 
spheric oxidation of fibroin, which is the sole 
product of the glands, but thu hypothesis was 
shown to bo false by the application of a stamiog 
technique which demonstrated the presence of 
sencm In the ifik producing organs Most m 


vestigators are agreed that fibrom is produced 
m the posterior portion of the gland, but there 
IS some difference of opinion regardmg sencm 
formation Certam authors (Blanc, Rapp Lab 
d’fitudes de la Soie, Lyon, 1887-88, 4, 62 , 
Tanaka, J Coll Agnc Tdkohu Imp Umv 
1911-12, 4, 146) believe that this protein is 
produced by the interglandular oxidation of 
bbrom, whilst others (Lidtb de Jeude, Zool Anz 
1878, i, 100, Raulin and Sicard, Rapp Lab 
d Etudes de la Soie, Lyon, 1886, 3, 43 . Machida, 
J. Coll Agnc Tokyo, 1937, 9, 119 , Proc Imp 
Acad Tokyo, 1926, 2, 421) provide evidence 
eupportmg the theory that sencm and fibroin 
are secreted as completely independent com 
pounds in the middle and posterior portions of 
the gland, respectively Silk is present m these 
organs as a viscous liquid, and is quite different 
in properties from cocoon silk The mechamsm 
by winch solidification is effected is rather 
obscure, but the most satisfactory theory 
appears to be that due to Foa (Kolloid Z 1912, 
10, 12), who IS of the opinion that tbe change is 
product purely by the mechamcal action of 
stretching and pulling to which silk is subjected 
after leaving the gland Confirmation of this 
hypothesis has been provided by Hirazuka 
(Bull Imp Sencult Exp Sta Kakano, 1918, 
1 203), Hirasawa (Bull Sencult and Silk Ind 
Japan, 1930, 3, 6) and Ongaro (Giom chim ind 
appheata, 1933, 13, 606), whilst Ramsdeu 
(Nature, 2938, 142 1120) has put forward evi 
dence in support of the new that shearing forces 
coDtnbute towards tbe sohdification 

Dunng the formation of tbe cocoon, tbe larva 
moves its head as though making a figure of 
eight, and consequently the fibre is fairly easily 
unwound (reeled) when required for industnal 
purposes Although most cocoons are used for 
silk production, a certam number are retained 
for purposes of reproduction These are allowed 
to develop naturally, but when cocoons are to 
be employed as a source of silk, it is necessary to 
kill the insect inside, by heatmg m an oven at 
60-70®C for 3 hours, or by placing in steam 
for 10 mmutes If tbe insect were allowed to 
hve aud emerge as an adult moth by softenmg 
a portion of tbe cocoon with an alkalme fiuid 
ejected from its body, there would he a reduction 
in tbe length of reelabic silk A filature cocoon 
of average sixe weighs from 1 to 3 g and con 
tains eome 3,000-4,000 yards of silk, of which 
600-1,200 yards may be reeled This is worked 
up as true silk, which consists of long uniform 
filaments, whilst the unreelablo portion and 
inferior or damaged cocoons, together with 
those of tbe wild worms, are manufactured on a 
ayetem involvmg carding and spmnmg 

Composition op Silk 

Raw silk threads, which decrease in diameter 
as tbe inside of tbe cocoon is approached, consist 
mainly of sencm and fibrom, together with 
moisture, mineral salts, waxes and colouring 
matters The filaments are generally regarded 
aa contaizung 11% of moisture, 66% of fibroin, 
22^J of sencm and 1% of mmcral and colouring 
matters (Allen’s “ Commercial Organic Analysis,” 
2th ed , Vol 10, p 200), although, as shown in 
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Tasle III 


Table IV 


Silk 

% Loss is weight 

Yellow — ^French . . , 

24 18 

Italian . 

2340 

Piedmont 

22 92 

Spanish 

24 94 

Synan 

24 35 

Bengal 

22 09 

White — French 

21 54 

Piedmont 

20 68 

Itahan 

21 40 

Chma 

17 98 

Canton 

22 17 

Japanese 

17 90 


Reference — I^Iatthews, “ Textile Fibera,” 4th 
ed 1924, p 292 


Amino acid 

from 
Canton 
silk ^ 

From 
Indian 
Tuasah 
silk * 

silk of a 
bivoltine 
speciesof 

Borrtbyx 

silk* 






Glycme 

12 

1 6 

39 


Alanme 

92 

98 

35 



Leueme 1 

60 

48 

04 

169 

Sermc 

58 

54 

69 

6 81 

Aspartic acid 

25 

28 

39 



Glutamic acid 

20 

1 8 

08 

' 

Phenylalanine 

06 

03 

05 



Tyrosme 

23 

1 0 

32 

5 69 

Probne 

25 

30 

04 



Arginme 

— 

— 



4 56 

Lyame 

— 

— 

— 

1 69 

Histidine 

— 

— 


1 02 


mg with water, and finally treating with cold 
alcohol, hotlmg alcohol, and ether in Buccesaion 
An empirical formula CnHj.OgN. has been 
awigned to Beriem by Cramer (J pr dhem 1865, 
[i], 96, 91) who expressed the relationship 
between this protein and fibrom by the following 
equation 

^i*^isO»Ni+HjO+-0 = C,jHjjOgNj 

Fibroin Setlcin 

SenciQ, which is soluble m hot water, hot eoap 
solution, and dilute caustic allulis. may be pre 
cipitated from aqueous solution by the addition 
of alcohol, tannin, basic lead acetate, stannous 
ehlonde, bromme or iodine Formaldehyde is 
capable of rendenng eencin insoluble m hot 
water and soap solutions, and iJf raw silk is 
treated with this reagent, the sencin becomes 
more firmly attached to the fibrom A similar 
fixation may be effected by the use of chromium 
salts, which cause the fibres to assume a wool 
bke appearance The ammo groups of the pro 
tern appear to play a part m this reaction, smce 
deammated sencin absorbs less chromium than 
does the unmodified matenal (Oku and Hirose, 
BulL Agnc Chem Soc Japan, 1937, 18, 1267, 
J Agnc Chem Soc Japan, 1938, 14 178, 309) 
By boilmg in acid solutions sericm may be 
hydrolysed into a mixture of ammo aads A1 
though, as shown in Tsble IV, the results of 
analyses on such hydrolysates are widely 
dirergent and inadequate, it is evident that 
alanine and senne are important constituente 
In common with other proteins, sencin com 
bines with dilute acids and alkalis and possesses 
an isoeloctno point Older values of this cha 
ractenstio are of an approximate nature only 
(K^ama, Biochem J 1926,20, 1208, Denham 
and Brash, J Text Inst 1927, 18, T820), but a 
o L (Text Res 1939. 

9, 374) n« provided the more accurate figure of 
a 4 3 The determmation was earned out by 
, , ^be electncal mobility of sencm ab 
orbed on glass particles of 0 1-2 microns in dia- 
meter, and acetate buffers were employed to 
minimise specific ion effects On account of its 
high raoIecoUr weight, sencin forma a eoUoidal 
solntion m water The properties of such solo 
tioos hare been investigated with great thorough 


* Abderhslden and Worms, Z phvslol Chem 1909, 

62,142 

* Strauch, tiid 1011,71 365 
^ iDouye and Hirasawa, J Tokyo Chera Soc 1918, 

■ Tiirk Z physiol Chem 1920,111, 69 

ness by Kaneko (Bull Chem Soc Japan, 1034, 
9, 207, 241, 283, 844, 409, 461, 600), who has 
provided accurate data for the viscosity, specific 
conductivity, surface tension, catapboretio 
velocity, and the vanation of these character 
istica with temperature and other factors 
Sencm solutions are excellent emulsifying 
agents, and show a protective colloid capacity, 
as revealed by the gold number of 0 02-0 38 
Coagulation is effected by the addition of heavy 
metal ealts or organic solvents eucdi as alcohol, 
acetone or benzene 

By suitable treatment of sencm eolutions, 
different fractions, which have been designated 
09 sencin A and sencm B, may bo obtamed 
The separation may be effected in a number of 
ways The method of Mosher (Amer Dyestuff 
Rep 1932, 21, 341) consists m adjusting the 
Pa the solution to 3 6-3 8, when sencm B is 
precipitated, followed by the addition of alcohol 
to deposit the A vanety Kaneko (I c ), how 
over, has shown that the two forms may bo 
prepared by mixmg a luke warm sencm solu 
tion with an equal volume of saturated am 
moDium sulphate, or by freezmg the solution for 
several boors and then allowing it to return 
slowly to room temperature Under these con 
ditions sencm A may be separated, while sencm 
B remains m solution and may be isolated m the 
usual manner There is some doubt (Matsunaga, 
J Soc Chem Ind Japan, Snppl bmdmg, 10J6, 
89, 465) as to the identity of the vanous frac 
tions separated by different workers, but all are 
agreed that whilst the two forms of sencin ex- 
hibit the usual protein charaetenstics, they are 
qmto different in many chemical and physical 
properties 

The more important differences between the 
sencins identified by Kaneko (i c ) may bo 
summarised as follows . 
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(2) Sericin B is more soluble tban A in dis- 
tinctly acid and alkaline solutions. 

(3) Sericin A is coagulated by strong solutions 
of ammonium sulphate and by electrodialysis, 
'srhilst sericin B remains in solution as a result 
of such treatments. 

(4) After fieezing a solution containing both 
forms, sericin A cannot return to the colloidal 
state, -prlulst B again enters into solution. 

(5) The two TBiieties have different iso- 
electric points, although the reported values 
vary somewhat. Thus, two results for the iso- 
electric point of sericin A are 3-S and 4-1, whilst 
the corresponding figures for sericin B are 4-5 
and 4-3. 

(6) The specific gravities of sericins A and B 
are l-3o6 and l-o09, respectively. 

(7) Sericin A has the greater protective colloid 
action, as shown by its gold number being less 
than that of sericin B. 

(S) Sericin A has a greater affinity for dyes 
than has B. 

(9) Differences in composition are evident 
firom the following figures ; 

Sericin A . — Total nitrogen — ^16-36%, Tyro- 
sine — 2-62%. Glycine — 6-18%. 

Sericin B . — Total nitrogen — Tyro- 
sine — 5-35%, Glycine — 4-89%. 


The two varieties isolated by the method of 
Mosher exhibit similar differences in physical 
and chemical properties, but there are more data 
regarding their constitution. The nitrogen con- 
tent of sericin A has been shown (Ito, J. Auric. 
Chem. Soc. Japan, 1937, 13, 1201) to be 17-37% 
and that of B, 16-88%, whilst the distribution 
of nitrogen in the two forms is given in Table X 
(Ito, ibid. 1939, 15, 50). 

Tabi-E Y. 


Type of nitrogen. 

Sericin A. 

Sericin B. 

.Amide .... 

12-14 

10-22 

Humin .... 

0-17 

0-90 

Cystine .... 

0-00 

0-00 

Arginine .... 

9-15 

9-6S 

Lvsine .... 

4-70 

4-72 

Histidine 

2-71 

3-80 

Monoamino . 

70-10 

69-19 


In addition, sericin A contains 0-45% of sugars 
and 0-37% of amino sugars, and sericin B 1-08% 
and 1-27% of these compounds. "When both 
varieties are heated with water, a considerable 
amount of ammonia is liberated, the greater 
quantity being obtained firem sericin A. 


Tabue TI. 


% of amino acids. 


Origiii of ribroin. 

O 

S 

Q 

5 

O 

5 

O 

S 

e 

TZ 

c 

oc 

O 

f< 

< 

• .sT 

c 

• O 

s c 
s « 

Tyroilno. 

I’rollno. 

From Xew - Chwang sUk 
(Abderhalden and Eilliet, 
Z. phvsioL Chem. 1909, 
58, 337) 

19-7 

23-S 

1-6 

1-0 

2-9 


1-2 

9-S 

1 

( 

1 

I 

l'S5 * 

From Canton silk (Abder- 
hfllden and Behrend, ibid. 
1909,59,236) .... 

oT'O 

23-5 

1-5 

1-5 

0-75 


1-6 

9-8 

1 

1-0 1 

From Shantung Tossah silk 
(Abderhalden and Brahm, 
ibid. 1909, 61, 256) . . 

14-5 

22-0 

1-0 

1-S 

1-0 

1-75 

1-0 

9-7 

1 

2-5 ' 

From Bengal silk (Abder- 
halden and Sington, ibid. 
1909,61, 259) .... 

30-5 

20-0 

1-2 

1-75 

0-S 

trace 

1-4 

10-0 

i 

( 

1-0 ! 

From Xiet ngo tsam silk 
(Abderhalden and Brossa, 
ibid. 1909, 62, 129) . . 

24-0 

IS-5 

1-2 

1-5 

2-0 

3-0 

1-0 

7-8 

1-2 ' 

! 

From Indian Tussah silk 
(Abderhalden and Spack, 
ibid. 1909, 62, 131) . . 

9*5 

24-0 

1-5 

2-0 

2-5 

1-0 

0-6 

4 

92 

1-0 ‘ 

From Tsai-tsao-tsam silk 
(Abderhalden and Schmid. 
ibid. 1910, 64, 460) . . 

25-2 

18-2 


1-2 

2-1 

2*0 . 

1-0 I 

1 

7-S 1 

f 

1-0 i 

! From Chefoo silk (Abder- 
halden and Welde, ibid. 
1910,64,462) .... 

12-5 

18-0 

1-2 

I-O 

2-0 

i 

2-0 j 

1-0 ! 

1 

S-5 

2-5 i 
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A third fraction, sencin C, has also b«n iso 
lated by Mosher {Amer Silk and Rayon J 1934, 
53, April, 43) from the last portion of sencin 
Trhich can be removed from raw silk The pro 
tein 13 insoluble in all common solvmits, is 
resistant to enzyme action, and has little abihty 
to emulsify oils and fata It is very doubtful 
whether this substance is a true seiicio, and 
consequently, it has also been classified as a pro 
tern intermediate m properties between sencin, 
and fibrom 

Fibroin — The second protein constituent of 
silk, fibrom, is insoluble in water and organic 
solvents, but dissolves m concentrated solutions 
of mmeral acids, alkabne hydroxides, or certain 
salts, and in ammoniacal solutions of copper or 
nickel oxides On hydrolysis by means of 
strong acids, various ammo acids have been 
isolated, the most important being glycme, 
alanine and tyrosme Investigations by Abder 
halden in. the years I9Q9 and 1910 indicate that 
fibroms obtained from various types of silk 
differ m composition (aee Table \ I on previous 
page and Z physiol Chem 1 c ) 

Later, Abdeibalden {\h\d 1922, 120, 207) 
pubbshed the following figures for the percentage 
composition of hydrolysates obtamed from the 
fibrom of Bombyx mon silk , glycine 40 5, 
aUnme 25, tyrosine 11, leucine 2 5, senne 18, 
arguune 1 5, pbenylalanme 1 5, proline 1 0, 
lysme 0 85, and histidine 0 76 More detailed 
experiments (t5td 1932, 207, Ul , 210. 246) 
by the same author revealed the presence of 
Qorvaline, vabne, chitosamme, aspartic acid, 
glutamic acid and glucuromc acid, in addition 
to the previously mentioned compoimds By 
treating fibrom with normal caustic eoda eolu 
tion at 37^C for 40 hours, a pentapeptide, 

_G— A— G— T— G— A—G— As 

{_G—A-.T—G—A—G—X—G- 

G— A— G— T— G— A— G— X— C 

(G_A— G— T— G— A— G— X— < 

where G denotes glycme, A alanine, T tyro 
sine, Ar argimne and X any other sminoacid 
residue 

The configuration of the fibroin molecule has 
also been th^e subject of many physical mvesti 
gallons As a result of the application of X ray 
technique it has been estabbshed that this pro 
tern IS composed of an amorphous mass contain 


glycylserylprolyltyrosylprobne, and a tetra 
I^ptide, serylprolyltyrosylprolme, were isolated 
The most recent Values for the composition of 
hydrolysates obtamed from silk fibrom are due 
to ^rgmann and Niemann (J Biol Chem 
1938, 122, 677), who have developed new 
methods for the determination of glycme and 
aJanme, and have provided new figures for the 
amounts of tyrosme, glycme, alanme and argi 
nin e Their results, together with older values 
/or other ammo acids, are summarised in Table 

vn 

Table VII 


Amino acid 

Percentage 

Reference 

Glycme 

43 8 1 

Bergmann and Nie 
maim (1 c ) 

Alanine 

26 4 j 

do 

T^osme 

13 2 

do 

Argmma 

095 ' 

do 

Lysine 

0 25 

Vickery and Block 
(J Biol Chem 
1931, 93, 105) 

Histidine 

0 07 

do 

Leueme 

25 

Abderhalden (le) 

Serme 

18 1 

do 

Prolme 

10 1 

do 

Phenylalanine 

16 

do 


The ammo acid composition of the protein 
hydrolysate is therefore comparatively well 
established, and on the basis of this analysis, 
Bergmann and Niemann calculated a minimum 
molecular weight of 217700 They have also 
su^ested that a portion of the fibrom molecule 
13 b^t accordmg to the foUowmg plan 

-G—A—G—X—G—A—G—X— 

_A-G~X-G-A-G-.X)j,- 

I—A—G—X—0—A—G~A»— 

5— A— G— X— Q— A— G— X)„— , 

mg embedded crystalhtes, which consist of long, 
fuDy extended polypeptide chams, lymg closely 
side by side to form long, thm, crystalbne 
bundles or micelles, onented parallel to the 
length of the fibre The chams are formed by 
linking together a ammo acids, mainly glycme 
and alanine, as follows 


H, H O H, H O H. 

II I 11 ji I i n 

C N C C N C C 

^ 

A II / \ I II / \ ! li / \ 

H O CH, H H O R H H O CH, H 






The effective length of each ammo acid rewduo 
in such a system is 3 5a, whilst the distance of 
J between the parallel peptide chains 

lies somewhere between 4-4 and 6 1a, and the 
pattern repeats m the direction of the fibre axis 
at a distance of 0 95^0 25a, which corresponds 
to the length of two ammo acid residues (M^er 
and Mark, Ber 1928, 61 fB]. 1932, Kratkyand 
Kunyams. Z physikal Chem 1931,5,11,363, 


|BniI, Annalen. 1923, 434, 204) Calculations 
I based on these values and on the formula set 
j out by Bergmann show that the macromolecules 
of silk fibrom are approximately 000 miUimi 
iCTona m length, but Alexander (Ind Eng 
I Chem 1939, 31, 030), as a result of experiments 
; with the ultramicroscopo, bebeves them to be 
considerably smaller 

I The Japanese worker, Kaneko, has demon* 
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strsted [J. Agric. Ccsin. Soc. .Japan, 1936. 12. 
101, S0<-1 ; 1937, 13, 203, 112-5} that silk fibroin 
nsy be firacdonated into fibroin A and fibroin B. 
hj precipitation tmder carefhllv controlled con- 
ditions, feini a dispersion in cold concentrated 
bydrocMoiic acid. Tee A Taiiety bas tbe hisber 
spedSc gratitT, triosins content and isoelEctiic 
point, and is core resisfant to cbemical reagents, 
aitbongn it is core readilj stained bj^ add 
colorrrs. Both forms give pos i t i v e resnlts v-itb 
tbe xantboproteic reactfon and Union's reagent, 
tbe colaratian bdng core intense in tbe case of 
fibroin A. 

Since fibroin is a typtical protein, it is capable 
of bennpvlation and acetydatfon. and these 
reactions pro-reed easi^. TThsn acetvlated vdtb 
keten, or acetic anbydride, bovrever, mncb more 


of fbe reagent is absorbed than can be accoonted 
for in terms of tbe hydroxyl and amino groups 
in tbe molecule (Carr. Text. Ees. 1936, 7, 103 ; 
1S3S, 8, 125, 390). The protein also combines 
rritb adds and alkalis, to an extent vbicb is 
dependent upon tbe of tbe medium. .Jordan 
Lloyd and Bidder (Trans. Faraday Soc. 1935, 
31, S6~] have pointed out that under their 
experimental conditions, sSk fibroin possesses 
an isoelectric region from approximately pg3 
to p^S in vrbicb n-_- combination occurs, but 
many other trorkers have been concerned Tvith 
tbe more precise determination of an isoelectric 
point. Tbe methods adopted have been many 
and varied, and tbe results iridely divergent, as 
is evident from Table ViLL 

The last mentioned determination is probably 


Tasis Vlii. 


1 

JTethod. 

Isoelectric Paint 
(PhI- 

Denham and Brash. (.J. Text. ! 
Inst- 1927, 18, T520)- 

Fixation of metallic and acidic 
radicals. 

3-8 

iletmisr and Eev (Comnt. rend. 
1927, 184, 2.S.5). 

SrveErnv in buSer solutions. 


Elpd, Teicbmaim, and Keper 
(Z. anxeiv. Cbem. 1927. 40. 
262}. 

Observations on tbe efiect of fibroin 
on tbe hydrogen-ion concentration 
of conductivity rrater. 

5'I 

Harriev and Johnson (Ind. Fnx. 
Cbem- 1930, 22. 297}. 

Electrophoresis of aqueous suspen- 
sions of finely divided fibroin. 

isoelectric 
range, T4-2-S 


Fiocculatioa of fibroin suspensions. 

isoelectric j 

ranne, 1-7-2-4 ; 

i 

Harris (J. Ees. jNat. Bur. Stand- 
1932. 9, 557). 

Precipitation of fibroin solutions. 

Viscosity of fibroin solutions. 

2-1 ! 

2-3 


Eiectropboresis measurements. 

2-5 

t 

Denham c! cl. (Trans. Faradav 
Soc- 1933, 29. 3W: 1935. 31, 
511). 

SmeEiEg. 

1 p.t pjr, 

1 1-4. 2-S. 3-S and 4*7. 

i 

} j 

Eastein (KoEoid-Z. 1934, 67, 55). 

Fixation of ions from aqueous solu- 
ti-ons. 

4-^-S 

i 

Harris (Text. Ees. 1939, 9, 374). 

; Electropboretic measurements using 
refined methods. 

3-6 ! 


tbe most accurate, and consequently, tbe iso- 
eleriric point of silk fibroin may be considered 
to be 3%. • This figure applies to fibroxj from 
Bcr-.lyr i-.ori, but it is likely that tbe positiou 
of tbe isoelcctnc point is characteristic of each 
kind of silk (EI-5d. I.C.). Denham and Brash 
{L:.}, on the other hand, did not find any con- 
spicuous cixerence betveen the isoelectric 
points of satnple-s of Chinese and Itahan silks, 
or even betrreen those of mclhetry fibroin aim 




ncrrom. ct 


ch an observation, coivever, 
is not in axreetnent vith that of Bito (BuG. 
Serimlt. Javan. 1931, 4, Ko. 2. 2), irho fcas 


' reported tbe value of 2-S5 for the isoelectric 
: point of Tussab fibroi3.“bnt tbe question 

[ of the isoelectric point of fibroin is greatly cou- 
i fused by tbe lack of accurate data. 

Jlicsoscorr or Stnx- 

; When tbe ravr silk fibre is subjected to micro- 
I scGPic examination, tbe trro brir.s are clearly 
I risible, and are often quite separate from each 
I other for considerable di^anccs alcnc the fibre, 

I althouxh at other r-cints they adhere closely. 

; The surface of th-c bare arptars irrcnuL’r.^c'’ 

I to broken or tom portior-s of scriciu. Thi« 
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binding layer shows frequent transverse fissures 
caused by a cracking tif the sericin during bmd 
mg or twisting of the fibre Degummed silL, 
which 13 roughly tnangnlar in cro«s section, is 
much more uniform, and is easily distinguished 
as a smooth transparent filament of fairly r^ular 
diameter, although lumps or swellings are oc 
casionally evident Striations rarely occur, but 
when visible are parallel to the fibre axis 
Treatment with dilute chromic acid results in 
the appearance of very fine longitudinal mark 
mgs Fibrom may be stamed deep red with 
alloxantin, red with fuchsme, and yellowish 
brown with iodine, whilst concentrated hydro 
chloric acid produces a violet colour, and a mix 
ture of sugar and concentrated sulphunc acid 
stams the fibres rose red, prior to their solution 
Both raw and degummed silks exhibit character 
istio colours when, exammed m polarised light, 
these being most probably caused by the fibrom 
Wild Bilks may be readily differentiated from 
the cultivated variety as the fibres are broad 
and thick, and approximate to a flattened ellipse 
in cross section ^ssah silk is eharaetensed by 
distinct longitudinal striations and peculiar 
flattened markings, usually running obliquely 
across the fibre (Matthews, cp eit pp 270-273, 
for photomicrographs) By treatment in cold 
chromic acid, the fibre may be macerated into 
minute filaments, which according to Hbhnel 
are 0 3-1 5 microns in diameter and are arranged 
parallel to the length of the fibre Air canals or 
spaces between these filaments are probably the 
canse of coarse loogitndinal markings which 
occur at intervals on the fibre, m addition to the 
finer stnations previously mentioned 

Physical PBOPERTits of Sok 
Dry silk has a great aSiiuty for water, and 
adsorbs water vapour at all humidities, the 
regain under desorption conditions bemg always 
in excess of that under adsorption conditions at 
the same relative humidity Owing to the high 
price of sQk it is customary to estimate its mois 
tore content before sale, and a regam of 11% 
13 officiaUv jDcrmitted in the case of raw silk 
Boded off silk appears to have rather less 
affinity for water, due presumably to the higher 
adsorptive capacity of the silk gum Water 
adsorption data for raw and degummed ailks at 
various temperatures and relative humidities 
have been provided by Schloesing (Compt 
rend 1893, 116 808), Levrat (Rapp Lab 
d’fitudes ^le, Lyon, IDOl, 10, 39), llonig 
(Text Forschung, Forschungsheft 3/5, Dresden. 
1018), ObermiUer and Goertz (Textilber 1926, 
7. 71 , Z physikal Chem 1924. 109, 145), and 
Kuju^, Kobayashi and Tonyama (^i Papers 
Inst. Phys Chem. Res 1923, 1, 79) The last 
authors have also demonstrated that the re 
lationship between the percentage of water 
adsorbed (Q) and the relative humidity of the 
atmosphere (H) may be expressed in the fonn 
Q— l/{a/H+5— ell) where a, b, and c are con 
stants, whilst the more comprehensive equation 
*e“(o+^t^)y'(100— 0. where tr Is the moisture 
content, ^ the relative humidity, t the tempeTn, 
ture and a and p are constants, is m accortlanco 
with the results of llonig {l ^ ) The regains 
of Chine«e, Italian and Japanese degummed 


atlha under the same conditions are all similar 
aceotdmg to Denham and Allen (Trans Faraday 
Soc 1933, 29, 316), but that of Tussah is greater 
The extent of the swelling which occurs when 
dry degummed silk is exposed to the atmosphere 
vanes with the relative humidity, as illustrated 
by the results of Denham and Dickmson (i6id 
1933, 29, 300) given m Table IX 


Table IX — ^Mean Lateral Swellino of 
Filaments of Italian Sile, Per Cent of 
Original Dry Diameter 


Relative 
humidity, (%) 

20 

40 

CO, 

80 

90 1 

95 1 

100 

Mean lateral 








swelling, (%) 

I fij 

2 4| 

“1 

6 1 

s.| 

11 1| 

163 


A more recent mvestigation (Ingram, Text Rea 
1938, 9, 79) has revealed that swelling is also 
dependent on the diameter of the fibre, smee 
dry filaments of both raw and degummed silk, 
when placed m water, increase m cross sectional 
area m a ratio inversely proportional to their 
diameters 

The elastic properties of degummed silk vary 
considerably according to the nature of the sdk, 
but the results of Deiibam and Lonsdale (Trans 
Faraday Soc 1933, 29, 305), summarised in 
Table X, serve to indicate their magnitude 


Table X 

All figures relate to tests earned out at 
65% R H 






silk 

silk 

No of filaments 



tested 

485 

80 

Blean diameter (cm ) 

0 00130 

0 00078 (4) 

Breaking load (g ) 
Extension at break 

68 

26 

(% of ongmal 
length) 

25 6 

184 

Tensile strength 



(dynes per sq cm 
xlO*) 

60 

64 

Young's modulus 



(dynes per sq cm 

X lOW) 

7 22 

10 74 


As in the case of other textile fibres, the fela 
tive humidity of the atmosphere and the rate 
of loading have a great effect on certain of the 
above values The results given in Table XI, 
for example, provide ample evidence of the 
variation of "ioung’s modulus with relative 
humidity in the case of degummed Japanese sflk 
filaments 

Recovery ofsilk filaments after extension takes 
the form of a rapid contraction followed by a 
slow creep, and is facilitated by an increase in 
the relative humidity of the atmosphere Even 
m saturated atmospheres, however, the fibres 
do not regam their onginal dimensions This 
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The loose ends of several fibres are brought to remove the whole of the gum, in special cases a 
gether by the operator and passed through gnidtt considerable amount is left on the fibre. Souple 
on to the reel to form threads of a suitable size silk, for example, is raw silk from which only 
for processing The product so obtained m 8-12% of the gum has been removed, and Ecru 
termed taw silk or gr^ge, and th^e waste, coa silk it obtained by treating the raw material in 
sistmg of short and tangled fibres from the ex lukewarm water, thereby removmg 3-4% of 
tenor of the cocoons, and of damaged silk, is sencm In the usual methods of degummmg, 
known as floss silk and is used for the manu not only » it necessary to remove the whole of 
facture of spun Silk Raw silk obtained from tlm sencm, but also the natural fats, waxes and 
first class cocoons is spoken of as oryanzme, pigments, and, m certam cases, the oils added to 
and that from infenor cocoons as tram In assist procesamg The reagent most frequently 
order to give quantitative significance to tbe used for this purpose is a hot soap solution A 
ease with which silk may be reded from cocoons, soda olive oil soap is normally employed because 
the Japanese have introduced the term iatjo, of the comparative ease with which it can be 
which is defined as the weight of raw silk reeled washed out of the silk, although certam ad 
per hour under standard conditions (Kaneko, vantages are claimed for the more expensive 
Bull Sencult Japan, 1931, 4, No 2, 3) The potassium and tnethanolamme soaps It has 
value for the kaijo is dependent upon a large been found that the best results are obtained 
number of factors, but it la considered that in when the process is carried out between Ph 
the case of silk from Bmnhyx non, the reactions 10 0 and 10 5 (Mosher, Amer Silk J 1930, 49, 
of an aqueoua solution of the eertcin are indi No 7,53, No 8,54, No 9,59}andatatempera 
cative of the kaijo Thus, the aqueous extract lore of 200-210®F Although the time required 
from cocoons of good kaijo has a higher pg value for degummmg vanes with the nature of the silk, 
than that from cocoons of poor kaijo, the gold treatments of 1 to 2 hours’ duration m a boilmg 
number of the sencm solution is high if tbe soap solution at pj£ 10 2 are quite efi'ective 
Ivaijo IS poor and wee vtrsa and the emulsifying The possibility of degummmg m alkalme solu 
properties of the sencm are best when the kaijo lions of cheaper reagents such as caustic soda, 
13 good If the kaijo is low, the fraction of sodium carbonate, sodium sihcate and sodium 
Sencm A in the extract is approximately 40%, phosphate bas often been contemplated, but 
but when the kaijo la high, the eencin A content the fibroin thus produced la liable to lock lustre 
vanes from 75 7% to 79 2% The reeling of and to retam seme of the natural waxes The 
Bilk IS easier when the isoelectnc point of the use of alkalis, together with sulpbonated oils, 
BolutiOQ Uea between pg 4 25 and 4 4, and is and of buffered alkaline solutions has also 
said to be improved by a prelimmary treatment received attention In addition, enzymes such 
of the cocoon in a dilute solution of ammonia as trypsin, pepsm and papam, baotenal pro 
followed by dilute sodium hydroxide solution ieolytic ferments, yeast enzymes, diastase from 
(Scott, Amer Dyestuff Bep 1934, 23, 217) soy wort and preparations from the digestive 
Soaking — Thu process consists in softening organs of fish, are employed, but these are rarely 
and lubricating raw silk by aoakmg in an oil able to effect complete removal of sencm, and 
emulsion preparatory to the operation of throw it is therefore advisable to give a short pre 
ing (twiatmg) and subsequent weaving or knit Iimmary treatment m hot acid or alkalme liquors, 
tmg The older practice was to soak tbe fibres or a subsequent mild soap degummmg Enzyme 
overnight at 80-100®F in an emulsion of neats degumming, which u earned out at compara 
foot oil and soap, afterwards removing tbe lively low pg values and at a low temperature, 
excess liquor by hydroextraction, and drying at is particularly applicable to the removal of 
a temperature below lOO’F As a result of the sencm from silk contained in umon materials, 
development of the eulphonated oils, it is now e g silk m admixture with cotton or wool In 
possible to substitute smphonsted neatsfoot oil the case of silk m silk wool mixtures, where it is 
for soap, and to use mineral oil with this com inadvisable to use solutions of bigb pg values, 
pound Further advances include the use of a metbod of acid degummmg at pa 1 75-2 5 
wetting agents such as alkylated naphthalene tends to mimnuse damage to the wool 
sulphonic acids, eulphonated abietenes and Weighting — Silk has a great affinity for salts 

derivatives of glycol, and the use of sodium ealta of certsun metals, and advantage is taken of this 
of eulphonated esters of fatty acids or acid property to increase the weight of silk goods, 
amides, or the sodium salts of fatty alcohol stanmo chloride bemg the salt most com 
sulphonates, as substitutes for soap or aul monly employed for this purpose The silk to 
phonated oils It is essential that od used for bo weighted js subjected to alternate soakinga 
this purpose should not be liable to oxidation, la solutions of stannic chloride and sodium 
and that sulphat on should be carefuDy con phosphate, and washed after each treatment 
trolled A recent patent (USP 21299(4) hen sufficiently weighted by this means, it is 
(be use of a soaking bath containing treated with a solution of sodium silicate and 
the oil as a negatively charged disperse phase, then washed to remove the excess reagent 
to which IS added a dischatgmg agent euch as Views on the mechanism of the process are 
m sulphate, fluosihcates or certain many and varied (Heermann, Ristcnpart — 
IS, thereby causing tbe oil to be deposited on two aeries of papers by these authors m Farbeii 
the fibre Ztg 1003-1909, Sisley, Chem Ztg 1911. 621 

Degummmg » the technical Ley, \bid 1912, 1-105, Fichtec and SlOUer, 
term for the operation of removing eencm, etc , Farben Ztg 1916, 26, 253, 274, 289, Scott, 
f^rom the raw silk fibre, thus producing the Amer Dyestuff Rep 1931, 20, 18, 39, 40, 43, 
lustrous fibroin MTiiUt it is customazy to 517, 557, C9l, 621), but it would appear that tbe 
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stannic chloride combines -with the silk to form 
an additive compound vhich is subseqnentlT 
hydrolysed on -washing -svith the production of 
free hydrochloric acid and stannic osdde, which 
is retained by the silk. Further treatment -with 
sodium phosphate and silicate results in the 
formation, on the fibre, of a tin silico-phosphate 
complex of indefinite composition. There are 
numerous modifications of this procedure, but 
in general, immersion in some solution of a 
metallic salt is followed by treatment -u-ith a salt 
which -wfll react to form an insoluble precipitate 
in or on the fibre. Sodium chloride, cal pin m 
acetate and certain carbonates or sulpho- 
cyanates may be added to the stannic chloride 
bath, and ammonium hydrogen phosphate sub- 
stituted for sodium phosphate. A preliminary 
treatment of the fibre with formic acid, chloro- 
acetic acid or 26% hydrochloric acid is some- 
times advantageous. When lead salts are used 
for weighting, the silk is subjected to one or two 
cycles of alternate tin and phosphate treatments, 
then acidified with dilute acetic acid, and 
treated -with a solution of lead acetate followed 
by fixation with sodium phosphate. Lead 
acetate may be replaced by lead chloride if other 
modifications are also introduced. Basic alumi- 
nium nitrate, chromium compounds, antimony 
chloride, iron salts, ammoniacal zinc acetate, 
rare-earth metal salts, and various organic sub- 
stances {e.g. gelatine, dextrose, logwood and 
tannins) are further examples of the many 
reagents which are employed. Practically all 
weighting materials have a deleterious efiect 
on silk, and weighted silks deteriorate more 
rapidly than unweighted (Johnson and Edgar, 
Iowa State ColL J. ScL 1936, 11, 5). The 
presence of weighting may often be detected 
quite simply by igniting the fibre, which, if 
heavily weightedi uill not inflame, but gradually 
smoulder away, leaving a coherent ash which 
retains the original form of the fibre. The 
percentage of true silk in a weighted sample is 
most accurately determined by estimating the 
total nitrogen content by the Kjeldahl process, 
but since the weighting material may also con- 
tain nitrogen, for example, gelatin and Prussian 
blue, this must first be removed by boiling in 
acid and in alkali. Complete analysis of a 
sample of weighted silk is complicated by the 
immense variety of possible weighting agents, 
and the accuracy is impaired by the uncertainty 
of the correction to be applied for the loss of silk 
substance at the different stages. Details of 
such analyses are given in Allen, “ Commercial 
Organic Analysis,” 5th ed. 1933, X, 222. 

The final processes in the manufacture of silk, 
are dyeing and finishing, and many diverse 
effects, such as modification of transparency, 
lustre and handle, may result from these opera- 
tions. The fibres rea^y adsorb both acid and 
basic colours. Vat dyes, mordant dyes and log- 
wood blacks are -widely used in sflk dyeing, and 
direct and basic colours in printing (c. VoL D , 
144). 

Testesg. 

(a) Belennivation of Silk in Admixture with 
other Fibres. — Qualitatively, silk may be de- 
tected by its appearance under the microscope 
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and by positive reactions on application of the 
usual tests for proteins. It may be distinguished 
from the -wild silks by a greater reactivity, being 
more soluble in boiling concentrated hydrochloric 
acid, concentrated potassium hydroxide and 
ammoniacal copper hydroxide. Quantitative 
methods of estimating silk in admixture -with 
other fibres are based upon preferential solution 
of the silk fibres. A reagent made by dissolving 
16 g. copper sulphate in 140-160 ml, water, 
adding 8-10 g. glycerol, and then pouring in 
sodium hydroxide solution until the precipitate 
is just redissolved, is capable of dissolving silk 
entirely, but removes only 1 •0-1-5% by weight 
of cotton and 9-16% by weight of wool. A 
boiling solution of oxychloride of zinc is another 
preferential solvent, and Richardson claims that 
an ammoniacal solution of nickel oxide is also 
satisfactory. Sflk dissolves in the cold in the 
latter reagent, whilst cotton loses 0-45% of its 
weight and wool 0-33%, but for analytical pur- 
poses, it is recommended that solution should 
be carried out at the boil. Full detafls of these 
tests may be found in Allen, op. cit., p. 217. 

(5) The Measurement of Damage. — ^The term 
damage includes modification of the protein 
by acids, alkalis, oxidising agents, h'ght, steam 
and dry heat, and it is doubtful whether aU 
the methods which have been de-rised for its 
detection and estimation yield comparable 
results. Measurements of wet and dry tensile 
strength and elongation have been extensively 
employed (Johnson and Edgar, l.c.), and micro- 
scopic observation is a useful qualitative indi- 
cation. Kaneko (J. Agric. Chem. Soc. Japan, 
1937, IS, 217) has advocated the use of Zimmer- 
mann’s reagent (a solution of o-phthalaldehyde 
made acid -with hydrochloric acid), since this 
gives no colour -with degummed and undamaged 
sflk, but produces a violet coloration -with 
damaged sHk or sflk gum. Determinations of 
total nitrogen content and amino-nitrogen con- 
tent have also been carried out as an indication 
of damage (Harris, Amer. Dyestuff Rep. 1934, 
23, 403 ; 1937, 26, 650), but probably the most 
satisfactory method involves measurement of the 
■viscosity in zinc chloride solu-tion of specific 
gra-vify 1-67. The original method of flkotman 
and Befl (J.S.C.I. 1935, 54, 141T), as modified 
by Tweedie (Canad. J. Res. 1938, 16, B, 134), 
consists in placing 2-50 g. of sflk (of standard 
regain) in a flask and adding 100 ml. zinc 
chloride solution d*'* 1-67. After dissolving the 
silk bv warming in an oven at 45‘^C. for 3 hours, 
the flask is cooled and the viscosity measured at 
20'C. Undamaged silk gives -viscosities of 19-24 
centipoises, but damaged material gives values 
lower than 19. The viscosity is decreased only 
when ^ has been damaged by chemical means, 
mechanical damage having no effect (Shinkle, 
Amer. Dyestuff Rep. 1939, 28, 374). 

General References. — Scott, “Chemistry of 
Silk and Silk Processing,” Amer. Dyestuff Rep. 
1934, 23, 217, 253, 283, 330, 339; 1936, 25, 
451; 1937, 26, 756; 1938, 27, 710; 1939, 28, 
501. Dennam and Crummett, Survey of Re- 
cent Progress, I Textile Fibres — Silk, J. Soc. 
Dvers and Col. 1925, 41, 19. Annual Remits 
for Appfied Chemistrx- Society of Chemistry 
and Industry. Matthe-ws, “ Textile Fibers,” 
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4th ed , Wiley & Sons, New York, 1924 Trot 
man. Bleaching, Dyeing and Chemicid Tech 
noloffv of Textile Fibres, Griffin, London, 1925 
C S W : 

FIBRES, ANIMAL, WOOL AND RE-| 
LATED FIBRES. Moieo/ Gmrfh — ^Ammal' 
fibres, such as wool and hair, grow from the base 
of a follicle or tube like depression m the skm, as 
shown m Fig 1 (Duerden J Text List 1926, 
17, T268) That part of the fibre which projects 
beyond the surface of the skin is known as the 
shaft, and the portion embedded m the skin is 
called the root At its lower end, the root ex 
pands into a bulb, into which projects the papilla, 
formed from the dermis Groirth of the fibre i 


fibre In its raw state, therefore, wool is con 
tammated with wool fat and suint, the former 
containing esters of cholesterol and the latter 
potassium salts of organic acids Smce both 
' sumt and wool are hygroscopic, the greasy wool 
contains water, aa well as dirt and Tegetabla 
matter 

Greasy wool may be readily analysed by 
Wilson’s procedure (J Text Science, 1926, 99, 
1927, 10) A known weight is extracted first 
with ether to remove wool fat, and then with 
water to remove sumt Coarse mmeral matter 
may then be removed from the residual wool by 
teasmg it out under water The mmeral matter 
settles to the bottom of the vessel and may be 
collected dried and weighed After being 
allowed to dry ul the air, the washed wool can 
I be freed from vegetable matter by means of 
forceps, and the dry weight of clean wool 
estimated, either by drymg m a stream of dry 
air at lOS^C, or by exposure to phosphorus 
> peutoxide tn vacuo 

Typical analyses of greasy wool are given m 
Table I (Veitcb and Benedict, Trans Amer 
Inst Chem Eng , 1924, 16, Ft 2, 259) 


arm, arrectorpUIiimscIe /p, fat gland 

> I , basal layer h $ hair ahart 

cp, coll gland \Tt Inner root abeatb 

cor , cortex Of fibre med , medulla 

der , denala of « Wn or* outer root sheath 

*p , epidermis of skin pap , papilla 


of the follicle, in the neighbourhood of the 
papilla, the fibre being extruded as more cells 
develop below The contents of the cells are at 
first fluid, but changes occur durmg thmr passage 
up the root sheath Such changes lesnlt in a 
hardening or keratinisation of the structure, and 
the cross sectional area of the fibre diminishes 
progressively as shown in Fig I 
As It emerges from the skin, each fibre is 
coated with a Uyer of fat derived from the 
sebaceous gland, which opens on to the fibre 
near the surface of the skin In addition, the 
fibw are contaminated with sumt from the 
•udonferoua or coil glands The latter may 
emerge alongside the hbre. as shown in Fig 1, 
or at the surface of the skin away from the 


On the average therefore, the fat content of 
greasy wool mcreases with the quahty (fineness) 
of the fibres, but the sumt content la sensibly 
independent of wool quality 
Dmermonal Characieristtu — Wool fibres vary 
considerably m length, fineness and enmpmess, 
not merely from one type of wool to another, 
hjiL wyi- witJiin. a. single, afiuiln. Thn. average 
fibre length of Shropslure wool for example, is 
only 2 6m, whereas that of Wensleydale wool 
is 12 7 in In the case of Shropshire wool, the 
vanation m length la from 1 75 to 3 25 m , ai^d 
m the case of Wensleydale wool from 6 5 to I6 0 
m (Barker, J Text Science, 1924, let Special 
Issue, 33) There is no simple relationship 
between fibre length and wool quahty, as esti 
mated by the grower, but the fineness of the 
fibres and the number of waves or crimps per 
inch, increase with mcreasing wool quahty, as is 
indicated by the data for Mermo wools given m 
Table II (Duerden, J Text Inst 1929,20,T93) 
The ongm of cnmpiness m wool is aa yet un 
known, but a highly significant observation was 
made m 1928 by Lefroy of Walebmg, M'cst 
Australia (quoted by Barker and Noms 
1930, 21, Tl) He noticed that m a certam luck 
of wool, which had been allowed to grow fuj 
twelve months, the number of enmps produced 
in each successive period of 4 months was 
constant, but the length of wool produced m tb* 
vanous penods, and therefore the size of the 
crimps, was distmctly variable This observe 
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Table II. 

AXIMAL. WOOL 

« 

Quality 1 
Xumber. i 

Xhictness 

limits. 

r 

; Crimps per In. 

f • 

i 

-A.bove 120's , 

14-0-14-7 

, 28-30; 27-30 

120's i 

14-7— 15-4 

> 25-27 : 24-27 

100s : 

15-4-16-2 

1 22-24 : 21-24 

go's : 

16-2-17-0 

* 20-21; 19-21 

SO’s ' 

17-0-17-9 

18-19: 17-19 

70's ! 

17-9-1S-9 

1&-17: 15-17 

66's 

lS-9-20-0 

, 14-15; 13-15 

64's ' 

20-0-21-3 

, 12-13; 11-13 

60's 

21-3-23-0 

i 10-11; 9-11 

oS's , 

■ 23-0-25-5 

S- 9; 7-9 

.5G's i 

■ 25-5-29-0 

6- 7 ; 5—7 


tion that crimp is a periodic fimction of time 
was afterwards confirmed by Xorris and Eens- 
burg {ibid. 1930, 21. T4S1), who determined the 
number of crimps in fibres of varying length 
taken firom a single staple. Typical results are 
given in Table III for a fiO's-fil's Cape Merino 
wooL 

Table m. 


length group j 

ftrms \ * — ■— — ■ I — i,..i , 


(cms.). 

1 Per fibre. ^ 

Per cm. 

9 -10 

J 

4o 

4-74 

lO-I-ll 

43 < 

4-10 

11-1-12 

43 

3-75 

12-1-13 

45 

3-60 

13-1-14 

45 

3-33 

14-1-15 

» 45 

3-10 

15-1-16 

46 

2-97 


Jlieraicojyic Appearance . — Under the micro- 
scope, animal fibres are seen to be covered by a 
layer of overlapping scales, which appear to vary 
in size and shape as shown in Fig. 2 (Manby, 
J. Eoy. IMicroscop. Soc. 1933. 53. Q). According 
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types of wool, the diSerent appearances of 
different types of fibre being dne to variations, 
in the rate of growth relative to the number of 
scales formed, and, therefore, in the extent to 
which each scale overlaps another. Sneh varia- 
tions are clearly indicated by the data of 
Table IT (Hoffmann. Jahrb. Landw. 1925. 61, 
Pt. 5). 

Table FT. 


Wool. 

Xo. of scales 
per l,0QO,000;i- 
snrface. 

Leicester 

1.510 

Southdown 

2.090 

EsfcuriaJ 

2,637 

French Merino .... 

2.654 

Rhon 

2,948 

Hampshire 

3,623 


Accordins to Hoffmann (?.c.) the surface area 
occupied by each scale is characteristic of the 
breed of sheep. 

Apart from the surface scale structure, little 
else is to he seen under the microscope, except 
in the case of hairs and coarse wools, which may 
show dark islands or continuous bands, patterned 
in various ways, along the fibre axis. Such is- 
lands or ban^ constitute tbe medulla, which 
consists of hollow cells. The appearance of a 
number of medullated fibres, photographed by 
transmitted h'ght. is shown in Fig. 3, the dark 
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Fig. 2. 


a Xeiceder wcot 

fj Mou2on wool. - , - ' -,nTV"rance of the mednlla bslnn uue, of course 

c. d Orn;y fer ban. 'uatte-rin™ of liuht bv the hollow coli=. True 

le cells of the cuticle are tbe same for vanon- i o. tl.c hairs, tut .mcc tp- co 
VoL. V. — 7 


Fig. 3- — ^MEDri.L,vTED M'ool Fibees. 
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live sheep consisted of t^o cOats — an outer coat 
>f hair and an under coat of \7ool — there is 
always a tendenc\ for medullated fibres to re 
appear in the fleeie Tins tendenej is natumlR 
most pronoiincc<l in the Mountain breeds of 
sheep, which are exposed to severe climatic con 
ditions, and their fleeces contain a lai^e propor 
tion of highly medullated flbres, known as kempa 
The hollow character of medullary cells is well 
illustrated by the photomicrograph of a cross ■ 
section of a kempy fibre in Fig 4 When a 
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1903, p 244, analysed four wools and obtained 
the ^ta given in Tabic V. 


Tabir \ 


riement 

Lincoln 

ioof 

Northuni 

berland 

Soutli 

down 

Carbon 

62 0 

49 8 

60 8 

613 

Hydrogen 

60 

72 

72 

69 

Nitrx^n 

18 1 

19 1 

186 

178 

Oxygen 

20 3 

19 9 

21 2 

202 

Sulphur 

26 

30 

23 

38 

Loss 

02 

1 0 

— 

— 


Too great rebance should not be placed on the 
data however, because the wools were soap 
scoured, and it was not then known that adsorb^ 
soap IS retained by wool, even after prolonged 
washing in nmnmg water 
More rehable data for the nitrogen and sulphur 
contents of animal fibres have since been oh< 
tamed by other observers using raw wool which 
had been purified by extraction with benzene at 
I a low temperature, followed by washing m water 
j Some of Bamtt's results (J S C I 1D28, 47, 69T) 
for the nitrogen content of different fibres are 
given m Table VI 


kempy wool is dyed, the kempa m certain cases 
seem to remain uncolourcd, but the effect is an 
optical illusion because a lugher proportion of 
wliite light 13 reflected by the hollow cells 
Between the cuticle and the medulla of bam 
and medullated fibres, and within the cuticle of 
non medullated fibres, is the cortex This con 
BistB of cortical cells which are not to dis 
tmpished under the microscope but may be 
isolated m various ways Nathusius revealed 
thcif presence by treating wool with dilute 
ammonia at a low temperature for many days 
when pressure was applied to the treated fibres 
they disintegrated into their constituent eeUs 
^\ate^8 (New Zealand J Agric 1923, 1, 35) 
showed that a bacterium isolated from pink 
rotted ” wool is capable of dismtegratmg sound 
wool under artificial conditions Use was made 
of the bacterium by Gabriel (J Text Inst 1932, 
23, T171) to isolate the cortical cells of Merino, 
Romnej and luncoln wools On examination, 
the cells were found to vary in length from 
about 70 to 150^ in each case, but the average 
length (400-500 observations) seemed to be 
mdependent of wool quahty The values ob 
tamed were 100 9 lOS and 114;i for the Sleruio, 
Romnej and Lincoln wools, respectively 
Finally, Burgess [ibid 1934, 25, T2S9) showed 
that a 0 25% solution of trypsin at 8 6 will 
^mtegrate wool m about 2 days at 35-^(rC 
The mam interest of these methods is that they 
aUow the cortical cells, which are not visible 
under the microscope, to be isolated and 
exammed, but the cuticular scales are, of course, 
isolated at the same time 
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Table VI 


Fibre 

Nitrogen Content 
(%ondry weight) 

Alpaca (black) . . 

16 86 

Alpaca (brown) , ' 

16 66 

Alpaca (white) 

17 00 

Dog wool 

Rabbit wool 

16 44 

16 72 

Mohair (fine) 

16 83 

Mohair (coarse) 

16 70 

Lincoln wool (white) 

16 SO 

lancoln wool (yellow) 

16 62 

Australian Menno lamb 

16 73 

Monte Video wool 

17 07 


The nitrogen content of animal fibres, even the 
nitrogen content of different wools, is distmctly 
Venable More defimte evidence of the variable 
composition of animal fibres is afforded by the 
results of sulphur determmations 
Origmally, Trotman and Bell {tbtd 1926, 45, 
lOT) claimed that the sulphur content of different 
wools was practically constant, the maximum 
value being 3 42% and the mean of 40 expen 
ments 3 J2% Two years later, Marston 
(Ifulletin No 38, 1928, Commonwealth of 
Australia Council for Scientific and Industnal 
Research) lent support to this view, but he 
found the sulphur content of Austraban wools 
to he outside Trotman’a range, between 3 69 
and 3 52% In the meantime, however, Barntt 
and King (J Test Inst 1920, 17. T38C) had 
shown the sulphur content of both wool and 
mohair to bo decidedly vanable Because of 
the discrepancy, Bamtt and Kmg re examined 
the question (i6»d 1929, 20, T161) and their re 
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the axis the least, sulphur No evidence iras 
advanced m support of the hypothesis, which 
seems to be untrue because Chamberlam (J 
Text List 1932, 23, T13) showed that when 
human hair, having a sulphur content of 5 02%, 
was descaled until it had lost as much as 15 3% 
by weight, the sulphur •content of the lesidoal 
descaled hair remamed unchanged at 502% 
The fibres were, of course, non meduUated 
Although the scales and cortex do not, there 
fore, differ as regards sulphur content, c^stme 
IS not distributed unifonnlj over the cross 
section of a non meduUated fibre Stakheyewa 
Kaverznewa and Gavnlow (Bull Soc chun 
(il^moires), 1937, 4, 647) have, for example, 
shown that the cells isolated from wool by means 
of pancreatin possess a sulphur content of 3 0o% 
compared with 2 91% for the origmal wool 
Si mila Tly, Speakman and ^Ic^Iahon (Nature, 
193S. 141, 118) found that the sulphur content 
of the cells, isolatedfrom an Australian merino 
wool by means of trypsin increased with in 
creasmg time of rettmg from 3 61% after 
14 days to 3 87% after 30 days, the sulphur con 
tent of the origmal wool (mtact root ends) bemg 
3 51% The mtercellular pha«e which is re 
moved m both sets of experiments is clearly 
deficient m sulphur 

FmaUy, oven though scales and cortex have 
the same sulphur content, they do differ m 
composition, as may be shown by means of the 
Fauly test for histidine and tyrosine (Mark 
* Beitr&ge zur Kenntms der oUe und ibrcr 
Bearbeitung," 1935, p 41 , Burgess, J Text 
Inst 1029,19 T315, Rimington. »6irf 1930,21, 
T237) Both these ammo acids give a reddish 
brown coloration with diazobeozeoesulpbonic 
acid, but, although they are known to be present 
in wool, intact fibres give no colour with the 
reagent, except at the cut ends In tbe case 
of chemically or mechamcaUy damaged fibres, a 
coloration is obtained wherever the cortex is 
exposed, but the cuticle itself remains unstamed 
Hence the cortex of animal fibres contains 
tyrosine and/or histidine, whereas tbe cuticle 
appears to contam neither 

From this brief survey of analytical work on 
ammal fibres, it is evident that they show 
bewildering vanation in composition By the 
methods described below it has, however, been 
possible to elucidate a skeleton structure — a 
highest common factor of structure — which is 
capable of ready adaptation to include the rana 
tions in the composition of animal fibres 

ArwiO’Aeid Analysts — ^The argument com 
mences with the fact that when animal fibres 
like wool are boded with 20°^ hydrochloric acid 
solution for several Lours, they are broken down 
into the constituent ammo acids, which have the 
general formula NH, CH(R) COOH. The 
radical li may be inert, glycine , basic, « g 
arginine , or acidic, « g glutamic acid By 
suitable chemical methods, the vanous ainmo' 
acids present m the bydroljaate may bo 
separated, isolated and estimated (Uoyd and 
Rt 
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Shore, “ Chemistry of the Proteins,” Churchill, 
1938, p 101) The results obtained by vanous 
: observers with wool are summarised in Table X. 



Table X 

Substance 

Amount (g ) isolated from 

100 g dry wool 

Glycine 

; 0 6 (A A V) 

Alanme 

' 4 4 (A A V) 

Valine 

2 8 (A A V) 

Leucine 

11 5 (A & V) 

Serme 

2 9 (A A V) 

Prolme 

4 4 (A A V) 

Cystine 

13 1 (M), 15 5 (calc ) 

Aspartic acid 

2 3 (A A V) , 7 27 (S A T) 

Glutamic acid 

129(AAV), 15 27 (SAT) 

Arginine 

102 (M), 78 (V A B), 80 (V 
A V) krunnm krair 

Lysine 

2 8 (51) , 2 3 (V A B) , 2 5 (V 
A L) human hair 

Histidine 

6 9 (51) , 0 7 (V A B) , 0 9 (V 
A L) human hair 

Tyrosme 

4 8 (51) 

Tiyptophane 

1 8 (51) 

Amide nitrogen 

1 2 (51) , J 37 (S A T) 


PtUrtHttt Atderlialden and VoitmoMCi Z ph}) 
■oi them 1&07 68 3C8 >Ur»toa(Jc), Vickery 
andBlocL.J Biol them 1P30.66 107. Mrkeiy and 
J/eaveonorth tttd 1920 83 o23, Speakmaa and 
lowueod ^atllre 1937,139.411 

t>cU The second calculated vsine for cystine i» 
derived from the sulphur content of Welsh Slountain 
«ool p 99 lable Vil, on the assumption that the 
aboieofthe sulphurispreseDt ascystlne 

\ ickery and Block's data for the basic ammo 
acidsm wool were obtained by isolating the acids 
from tbe hydrolysate, and the results are pro 
bably low, especially as they fad to account for 
tbe acid combining capacity of wool Blarston’s 
values for tbe arginine and lysme content of 
wool were obtained by mdirect methods and are 
probably more rehable, but his value for the 
histidine content is incorrect Finally, Abder 
balden and Voitinovici’s determinations of the 
dicarboxyhc acids are low because they were 
made before improved methods of estimation 
had been evolved Selectmg the more reliable 
data, wherever a choice is possible, tbe results 
of Table X indicate that from 100 g dry wool, 
8o g ammo acids have been isolated and identi 
Oed The analysis is, however, less complete 
than such a statement would mdicate, because 
tbe fibre is formed from the ammo acids with 
elimmation of water, as indicated below 

In agreement with Fischer’s views, the results of 
X ray and chemical Btndies of the structure of the 
woo! fibre indicate that the latter consists of long 
polypeptide chains, which are formed by the con 
densation of the ammo acids through a ammo 
and their associated carboxyl groups as follows 
Ri 


— CO— CH— N H— CO— C H— NH— CO— C H— N H— CO- 


—in— NH— 



Percentage increase m diameter 
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peroxide which is known to oxidise i^stine to in snch solvents as are normally employed to 
cysteic acid the product is capable of solntion dissolve silk These and a number of other 
* observations which are given below have been 

used to establish the fact that the polypeptide 
chauu of animal fibres such as wool are bridged 
by cystine linkages as shown in Fig 5 The 
figure may be regarded as % skeleton structure of 
the wool molecule and it is obvious!} capable 
of adaptation to take account of variations in 
composition of the fibre variations in sulphur 
content imply variations in the number of 
cystme linkages but the structure remains 
unaltered in its essentials no matter how great 
such variations may be 
As shown m Fig 5 the distance apart of the 
mam peptide chains m the plane of the cross 
hnkages must vary in order to accommodate 
cross hnkages of vatyuig length In addition 
however it has been estabhshed by combmmg 
the results of X ray analysis (Astbury and Street 
Phil Trans 1031 A 230 75 Astbury and 
Moods ifiui 1933 A 232 333) with studies of 
the elastic properties of wool fibres in water 
under various conditions (Shorter J Text Inst 
19'>4 15 T207 Speakman tb d 19‘’6 17 
T457 Proe Roy Soc I92S B 103 S"? 
Trans Faraday Soc 1929 25 0“’ Proc Roj 
Soc 1931 A 132 167 Astbury and Woods 
o Ic) llat the mam peptide chains of im 

stretched wool fibres are folded at right angles 
*^10 0 — SwBXLiKQ OP Mool FiBRcs IV to the plane of the cross linkages as shown in 
Acids Fig 7 

N. 

CO + 



^H-R 


HN CO 

\ ^ 

CHR NH 

1 

CHR 

1 

CHR CO 

XX/ '■ 

oc rJH 

I 

HN CO 

XXX 

CHR NH 

I 

a keratlD 


\Shpn the fibre is strctchw! He folded struc Jnbileo Number 1914 p 43) and \ ra} (1st 
u rc known as a keratin unfolds to give bury and Sisson Proc lio\ &oc 193o \ 150 
p keratin show-n m Fig 8 Typical \ ray 533) investigations agree m indicatmg that the 
photographs ( Vstburv) of stretched and un long folded peptide chains are linked together 
stretched wool fibres are given m Fig 9 iHonejilnn* by cystme and salt hnkages several 

noth phvsico chemical ('Jpeakman Proe such planes bemg superimposed to form the 
c ^ Faraday crystals of the fibre The size of these crj-staU 

^oc 1131 29 145 J Soc Dyers and Col laa also been deduced by physicochemical 
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and btott (i6id 1936, 27, T186} have shown 
that when wool is diied from regains below 
saturation, its adsorptive power decreases with 
increasing temperature of drying The reduc 
tion 13 caused bj partial as well as complete 
drying but not b\ drying from saturation, or 
by heating wool lined at a low temperature 
A normal affinity for water may be restored to 
wool, which has been dned at a high temperature, 
by allowing it to reach saturation with water 


vapour, but the reduced adsorptive power of 
wool which has been heated over water at a 
high temperature is irreversible 
(&) Elastic Properties — In accordance with 
the preceding argument and observations, the 
resistance of wool fibres to extension decreases 
with increasing relative humidity Typical 
load extension curves for CotswoH wool fibres 
at 25®C are given, in Fig 10 (Speakman, iM 
1927, 18, T431), and the manner in which the 



breakmg load and Young s modulus decrease 
with mcreasing relative humidity at 22 2*0 is 
illustrated by the data of Table XII (Speakman 
J S C I 1930 49, 209T) 


Tabie XII 


llelatla e 
humiiilti 
(%) 

Dreakingjoad 
(g /cm * inltiaj 
area) 

\ ounce 
modulus, 
(dynes cm *) 

• 00 

22 1 X 10* 

4 76 X 10'® 

S3 

21 C . 

4 80 , 

34 2 

194 . 

4 19 , 

49 8 

108 . 

3 84 

‘IFo'b 

1 Yo\ 

I "bllb , 

75 0 

15 4 „ 

1 3 28 , 

1000 

14 9 

I 1 81 , 


Even more sensitive to changes of relative 
humidity than breaking load is the torsional 
rigiditj of wool fibres \alues for the relative 
ngiditj , I e the rigidity compared with that of a 
dr) fibre, of Cotswold wool fibres at different 
relatii e humidities undev adsorption and desorp 
tion conditions at 25T are given in Table Xllf 

Table \1II 


llelatlTe humidity (®g) 

00 100 _oO 317 Ot,, ~4 j S'* 7 100 


ll«Uti\e rtiridlty (sdiiorwtion) . 

1-00<I0 07J O-O.OOSj. 0 732 0,,81 0 459 0 20t 0 0 


Itrlitive rici llt> (desorption) 

1-UOO 0 ti»_ 0 Sat 0 7y9 O 0*9 O 031 O-fISO lO’OO 


Farada) Soc 1929, 25 92) 
i\hen plotted against the amount of water 
ad*OTbed adsorption nnl desorption data he 


on a common curve, which has three distioot 
sections The intermediate section, covermg & 
range of humiditv from 23 to 87%, is linear and 
IS expressed by the equation 

Relative Rigidity— 1 256—0 047A, 
where A is the amount of water adsorbed 
At constant relative humidity, the resistance 
of wool fibres to extension decreases with rise 
of temperature, as is shown by the load extension 
curvesofFig 11 (Speakman, J Text Inst 1927, 
18 T431) for Cotswold wool fibres in water 
Besides being dependent on the temperature 
and relative humidity of the atmosphere the 
elastic properties of animal fibres vary with the 
rite oi'Joahing Tins may'be illus'trateh in'Jia’ 
first instance by the following data for the ex 
tension at break and breakmg load of Cotswold 
wool fibres in water at IS^C under different rates 
of loading (Speakman, I c ) 


Table XIV — Fibre DuMETEB=39/t 


Bate of 
loadiDc 

Bxtenslon 
at break 
(%) 

Breaking load 
(g /cm ’Initial 
area) 

1 g every 2 

70 2 

8 88x10* 

days 

1 44 g /mm 

48 4 

17 1 

3 IG 

50 9 

18 7 , 

4 90 .. 

50 4 

18 7 

10 72 , 

50 9 

19 3 „ 

15 55 , 

540 

20 0 

29 6 

54 3 

20 1 „ 

37 4 .. 

544 

210 

700 

53 9 

217 , 


For finite rates of loading, both the extension at 
[break -and the breaking load increase with in 
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creasing rates of loading, but the role breaks 
do-ra Trhen the rate of loading is extremely 
small (1 g. every 2 days). When extension in 
rrater is rapid, fibres may be stretched about 
30% — ^27-0^0 for human hair. 34-5% for Cots- 
vold wool — without significant change of 
properties, t.e. if the fibre is stretched twice in 
succession with a rest of 24 hours between the 
two extensions, the two load-extension curves 
are almost identical. This observation (Speak- 
man, I.c.) has been turned to considerable 
' advantage in rec-ent studies of the properties of 
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the wool fibre. By utilising calibrated fibres, 
i.e. fibres whose load-extension curves have been 
determined up to 30% extension, the infinence 
of various reagents and processes may be deter- 
mined without resorting to the statistical treat- 
ment of results obtained with a large number of 
fibres. 

I£ however, the fibre is stretched slowly, or is 
held stretched for any length of time, it "under- 
goes permanent weakening at any extension, 
especially when the hnmidity is hieh. The 
extent of the weakening, and the manner in 
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which it increases with increasing time of strain, j 
are well fUnstrated by the data of Table XV, 
which were obtained as follows (Speakman, 
Proc. Roy. Sob. 1928, B, 103, 377): after 
determining the load-extension curve by rapid 
extension in water np to 30%, each fibre was 
allowed to remain at this extension for a certain 
time before release. The load-extension curve 
was then redetermined in water at 25'C., this 
being possible because wool fibres possess perfect 
elasticity of form in water at ordhiary tempera- 
tures. From the two load-extension curves for 
each fibre, the percentage reduction in the work 
required for a 30% extension, due to relaxation 
at thft extension, was calculated. 


Table XV. 


f 

Time held stretebed 1 

(Minutes). ■ 

1 

Percentage reduction 
in work for 30% 
extension. 

30 ! 

6'5 

62 ! 

S'5 

92 

11-5 

161 1 

19-2 

210 ! 

21-5 

240 i 

24-4 

240 ; 

24-6 

300 

, 26-7 

1,143 ! 

i 

! 40-3 

1 


A further illnstration of the plasticity of wool 
ft afforded by the following data (Spe.nkman, I.c.) 


j for the rate of decay of tension in a fibre at 29% 
i extension in water at 25'C. 


Time 

(minutes). 

! Xeasion 

: (g./cm,=). 

1-05 

I 6-05 xlO^ 

I'To 

{ 5-89 

2-90 

. 5‘74 „ 

4-95 

i 5-5S .. 

7-SO 

‘ 0-42 

11-50 

0-26 ,. 

16-60 

5-11 ,. 

22-55 

4-95 „ 

30-25 

, 4-SO „ 

39-20 

j 4-64 .. 

50'35 

i 4-49 „ 

62-15 

1 4-33 „ 

76-60 

1 4-1 < 

1.143 

1*07 „ 

1 


rfae piasncitv or iwui. 

rapid decav of tension in strained fibres, seems 
p be associated with disulphide bond hj;drolysi-', 
iy-c-use in acid media, where the bond ft stab.o. 
•ho rate of decav of tension ft small, whemas m 
Ilkaline media." where the bond is rcadOy at- 
racked. plasticity is strongly developed For 
’vmple. the half-tension tune o. fibres at 40, o 
"xtenaon ft 11-7 minutes in A’/lOO sr^lium. 
rarboaato solution, compared with 
in water and over 1.000 ininnte= m A ;10 h%aro- 
rhloric acid. 
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Ai has already been mentioned, animal fibres 
po«ses3 perfect elasticity of form in water at 
ordinary temperatures, despite their plasticity 
Even after being stretched 70% by slow loading 
in water (Table XIV), they return to their 
original length on being released in •water At 
humidities below saturation, howeve-, extended 
fibres fad to return to their onginal length when 
released, as shown in Fig 12 (Astbuiy and 
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man (J Soc Dyers and Col 1936, 52, 335) has 
shown that various reagents, e y sodium bisul 
phite. silver sulphate and potassium cyamde 
which are known to cause disulphide bond 
breakdown, are capable of causing unstretebed 
wool fibres to contract to a length less than the 
original length m aqueous solution at the boil, 
it seems clear that such contraction of stretched 
fibres in steam is associated with disulphide bond 
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(а) Tlmc/contractlon curves of Cot*«old wool fibre# 
•tretclieU to t0% extension and allowed to contract 
freely at constant liiimidliy 1—10% It It 11—60% 
KH III— flj% nil IV— 75% It II 825% 
IIJI M— 00% It II 

(б) Iho recovery after 10 hours of the fibres of 
rig 12(a) 


Woods, Jc) The rate and extent of recovery 
increasD with increasing relative humidity of the 
atmosphere and a fibre which fails to return to 
its original length at anv (low) humidity, gives 
perfect recovery in water 
At raised temperatures, however the elastic 
properties of animal fibres are peculiar For 
example, when a wool fibre is kept at 41 3% 
extension in water at 80*C for 30 minutes, and 
then released m water at IS'C , it fails to return 
to Its onginal length the extension after 76 
minutes release is 31 8% (Speakman Traas 
laraday&oc 1029 25 ICO) This set is, how 
ever, olimimtcd when the fibre is iinmcr6c<l in 
water at 80°C after 151 minutes immersion 
the extension of the fibre is only 1 4% The 
setting elTect increases with rise of temperature, 
and a fibre which has l-een steamed or immersed 
m Iwilmg water at any extension, shows little or 
no Icndencj to contract when released m eotd 
water Nevertheless, contraction does occur in 
steam (Speakman { c ) An exhaustive study 
of the phenomenon has been made by Astbiiry 
and Woods (1 e ) ool fibres were eteameil at 
extension for \ nrious times and then 
released m steam until no further contraction 
took place Their length# were then measored. 
and the percentage extension or contraction 
of the various fibres is plottevl against the 
time of steaming at 50”o extension in Fig 13 
Ihe curve shows that a fibre steamed for 2 
mintilrs at extension although pfwwsmg 
a set pcrmHn*nl to coU water can sontract in 
Jteam to » ["ngth 30”o than the onginal 
lengih \ raa photographs of the steamed 
Btrctche<l fibres revcalcil attack on the si le link 
agea between the peptide chains Fince Speak I 


A Normal fibres 
IS Irradiated fibres 

breakdown That system of mam chain folding 
which IS characteristic of a keratin is clearly 
stabilised by the cj stme and salt linkages when 
the former linkages are broken down by steam 
or chemical reagents, further folding can occur, 

I and the fibre contracts to a length less than the 
I originallength (super contraction) When fibres 
' are eteameu at 60% extension for 16 minutes or 
longer, however, they fail to return to their 
original length when released in steam It is 
^ apparent, therefore that the primary process of 
disulphide bond breakdown is foUowea by one 
of linkage rebuilding The nature of this re 
budding process has been established by showing 
that fibres from which the ammo groups have 
been removed by means Of nitrous acid (de 
amuiation) are incapable of taking a permanent 
set even after steaming for 6 hours m the 
stretched state (Speakman, 1 c ) , and that the 
setting power of animal fibres (human hair) 
decreases in stnet proportion to the amount of 
sulphur removed in the case of baryta treated 
fibres (Speakman and Whcwell tbid 1930, 52 
380) Thus the new linkages which arc respons 
ible for true permanent set, i e set permanent 
to steam ore formed by interaction of the basic 
side chains of animal fibres and the breakdown 
products of the cystine linkage Smee the first 
action of steam on the latter is to form a sul 
phinie acid 

RCH,SSCH,R-fH,0 

«=RCH, S OH+RCH, SH, 
ono possible reaction scheme for linkage rebuild 
mg IS os follows 
RCH,SOH+H,NR, 

RCHjS NHR,fH,0. 
In keeping with this v i“w , the linkages character 
istic of permanent set were found to be stable 
m boding sodium bisulphite solution, and set 
fibres were shown to contain free sulph^dryl 
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gronps. Farther, the facility rrith trhich 
stretched fibres assome a T>ennanent set in- 
creases trith rise of _p^ up to 9-2, in the case of 
simple alkalis, as tvonld be expected in view of 
the fact that disidphide-bond breakdoTm is an 
essential preliminaiy to the acqnisition of set. 
Above pg 9-2. there is a rapid decrease in the 
setting porter of the fibres, dne no doubt in 
part to decomposition of the snlphinic acid, 
vhich is knovm to be unstable in alkaline solu- 
tions : RCHo-S-OH=RCHO-hH„S (Schoberl. 
Annalen, 1933, 507. Ill : CoIIeginm. 1936. 412). 
The aldehyde liberated in this way can. of 
course, react with the basic side-chains of 
animal fibres to form a second type of cross- 
linkage between the peptide chains : 

RCHO-bH,NRi=RCH -. NR^-f H^O. 

Some such linkages have, in fact, been detected 
in fibres .‘^et at 9-2 (Speakman and Stoves, 
J. Soe. Dyers and Col. 1937, 53. 236), but the 
reaction can hardly be a primary one in setting 
processes, because so few — CH ; N — linkages 
are to be found in fibres set by means of sodinm 
sulphite and sodium bisnlphite, instead of 
simple alkslis. If — S‘NH — bond formation 
is the primary reaction, the action of sulphites 
and bistdphites as setting agents is readily 
explained in terms of the following equations : 
(I) RCHyS-S-CH.R-f NajSOs^ 

=RCHySNa'-fRCH„-S-S 03 Na 

RCHyS-SOjNa-bH.NRi 

=RCH,-S-NHRi-bNaHS 03 . 
f2) RCHyS-S-CHjR-bNaHSO, 

=RCH,-SNaARCH.-S-S 03 H 

RCHyS-SOgH-f HjNRi 

=RCH2-S-NHRi-bH„SO,. 

In efiect. therefore, a single reaction-mechanism 
serves to explain the action of alkalis, sodinm 
sulphite and sodium bisulphite as setting agents, 
but side reactions leading to — CH : N — bond 
formation are not to be excluded, particularly 
where the setting medium is alkaline. 

(c) Ehclrti-zil Cordnctiriiu. — ^A® would be ex- 
pected. the electrical conductivity of textile 
fibres increases with increasinc relative humidity 
of the atmosphere, i.e. with increasing amount of 
adsorbed water (Murphy, J. Physical Chem. 
1929, 33. 200, 509 ; Murphy and Walker, ibid. 
192S, 32. 1761). The specific resistance of wool 
fibres b shown as a function of their water 
content in Table XVI piarsh and Earp, Trans. 
Faraday Soc. 1933. 29, 173). 


TABI.E XVI. 


Eelative 

hinniditv 
(%). ■ 

[ 1 

IVater content ; 

i (% on drv 1 

I weight). '( 

Speciuc 
resistance 
(ohms 'em.). 

.53 

12 

■ 1-6x10’ 

63 

) 

1-5x10^ 

71 

16 

2-3 -c m- 

79 


fi-n 10’ 

S3 


2-5x10 

S6 

2'2 

1-3x10 


(d) lli(.rmcl C'ondiicih'iiy.—'Ihe thermal con- 
dnctivity of textile materials and fabrics has 
been studied by many observers, but the results 
serve to show that the warmth properties of 
fabrics are dne primarily to the low thermal con- 
ductivity of the air trapped in the fine capillary 
spaces between the fibres and threads. Both 
Sale and Hedrick (Technologic Papers of the 
F.S. Bnrean of Standards, Xo. 266) and Speak- 
man and Chamberlain (.J. Text. Inst. 193i». 21. 
T29) have derived expressions for the thermal 
resistance of wool fabrics in terms of tbeir thick- 
ness and density. More recently, it has been 
argned (Cassie, King and Atkins, Xature. 1939, 
143, 163) that the warmth properties of textile 
materials in service on the human body may be 
accentuated by the fact that they adsorb water 
with evolution of heat. Thus, on passing fi-om a 
warm, indoor atmosphere of low relative 
humidity to a cold, outside atmosphere of high 
relative humidity, the body does not experience 
a sharp change of temperature on account of 
the heat evolved by the textile fiibric as it 
adsorbs water. 


CumncAi . -Peopzp.ties. 
iVafer . — ^Besides being capable of severe 
attack on the strained disulphide bonds of 
animal fibres at lOFC.. water causes disulphide - 
bond breakdown to a limited extent at 55'C. 
(Speakman. ibid. 1933. 132. 930). In presence 
of light, however, the reaction between water 
and cystine linkages takes place rapidly at 
ordinary temperatures, sulphur being lori as 
hvdroaen sulphide: RCHo-S-S-CHoR-^- HjO 
=RCH 2 SHARCHO-rHjS' The validity of 
tbit reaction scheme has been established by 
Speakman and 3IcMahon (Trans. Faradac' Soc. 
1937, 33, S44), who determined the acid and 
alkali titration curves of intact and exposed 
wools. On account of the presence of excess sul- 
phydryl groups in the exposed wooL it possessed 
an'increased affinity for alkali. The presence of 
aldehvde groups in exposed wool was estab- 
lished by qualitarive tests, bur qua-ntitarive 
detenninarions of aldehyde content were later 
carried out by condensing the wool with semi- 
carbazide and p-bromophenylhydrazme (Eace, 
Bowe. Speakman and Vickerstaff, J- Soc. Dvers 
and Col. 193S, 54. 141). That the lost 

bv wool during exposure to light and air 
liberated as hydrogen sulphide, has teen estab- 
lished fav Harris (J. Ees. Xat. Bur. Stand. 193b, 
20. 563)*. who irradiated wool in an atmosphere 
of nitrogen. In air. however, the hydrogen 
sulpliide undergoes rapid o:ddation to - P ^ 
dioxide and sulphuric acid pietmier and Re^ , 
Compt. rend. 1926. 183. 596). ^ , , 

On account of such dimlphiae^oond brea ^- 
down in exposed wool, the latte, ^e <- 

greater extSt than ^tmated wool ^aqueous 

^ntions (von n 

IQ'-’i 6 745: 1926. 7. 4.il) with the pnlt that 
e^'=ed wool i= dved more deeply than mtac, 

«.n»Hai fvj. .-."f 

nrfth rrvsfalloidil dvc.-. Lven 11 II- 
ind dveum is made kve! by nsmg dis- 
agents* with colloidal dyes ana excess 
rrith Walloidal dyes, the dyeinr become 
^evel as r^rds hue on aftcr-cbromnig. Th - 
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further defect was found to he due (Race, Rowe 
and Speakman, J Soc Dyers and Col IMS, M, 
169) to the presence of excess reducing groops— » 
aldehyde and sulphydryl groups— m exposed 
wool The chromium deposited in exposed wool 
durmg after chrommg is more fuUy reduced than 
that deposited in intact wool, and a difference in 
hue results A remedy for the defect was found 
(Race, Rowe and Speakman, 2 c ) by pretreatmg 
the wool with a solution of basic chromium 
acetate m dilute acetic acid for 30 minutes at 
40®G before dyemg The best chromium acetate 
for the purpose is the one which is one third 
basic (tiem, ibid 1939, 55, 69) When the 
inorganic polymer enters the fibre, it combines 
with the sulphydryl and other side chains, thus 
mmimisiDg the reducmg properties of exposed 
wool Id addition, cross linkages are formed 
between the peptide chams, and lerel acid 
dyeings can he obtained on wool contauung 
exposed and uneiposed fibres without resorting 
to modified dyemg conditions 
Disulphide bond breakdown not merely causes 
increased swelling of wool fibres but also pro 
motes their solution It is not surpnsing, there 
fore, that peptides pass into solution when wool 
is boiled in water (Gardner and Carter, tbid 
1898, 14 16'!)i especially as peptide bonds may 
undergo hydrolysis under these conditions 
Acids and Aitahs — Since the main peptide 
chains of wool are bridged by salt linkages 
(Fig 5), the fibre is amphoteric Speakman 
(tbid 1026 41, 172) showed that combination 
with acid commences at pn 4 8, and it was 
assumed that the isoelectnc point of wool at 
this p{{ value In the same year, Elod (Z angew 
Chem 1925, 88, 837, 1112), using a different 
procedure, obtamed an almost identical value, 
Pa 4 9, fbr the isoelectric pomt Some dia 
agreement was introduced by Meunier and R^ 
(Compt rend 1927, 184, 286) when they found 
the swelling of wool to be a minimum at pg 
3 6-3 8, but the method of experiment was 
faulty A revised procedure (J Soe Leather 
Trades’ Chem 1927, 11, 286] showed minimutn 
swelling at pg 4 6-4 8, m closer agreement with 
Speakman and Elod s values Even the im 
proved method of experiment did not give a 
precise measure of swelling, and there seemed 
to he no reason to doubt that the isoelectnc 
point of wool is at pg 4 8-4 9 until Hams (J 
Res JJat Bur Stand 1932, 8, 779) obtamed a 
value of Pij 3 4 for the isoelectnc point of wool 
by measuring the migration man electnc field 
of wool particles suspended in buffer solutions 
of vanous pa values Later, however. Hams 
accepted the value Pa 4 2 for the isoelectnc 
point of wool particles, and Pa 4 6 for cortical 
cells and scales {rf Sookne and Hams 
Text Res . 1939, 9, 437) He ntlnbutes the 
error of his first determination to the spectfie 
effect on wool of the phthalato buffers used, but 
Speakman and Stott (Trans Faraday Soc 1934, 
30, 539) failed to detect any difference between 
a phtlialate buffer and a hydrochlonc acid— 
sodium eblonde solution, both at Pn 3 4, os 
reganls iheir effect on the resistance of wool 
fibres to extension In the light of this and 
other evi lence (to be given later), there appears 
to i-e no res«on to doubt that the pomt at which 
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wool begins to combine with acid is at pg 4 8-4 9 
Whether this pg value is to be regarded as an 
isoelectnc point or not is discussed below 
In view of its importance m connection with 
dyeing processes, tlie combmation of wool with 
acids has been studied by many observers, but 
the early data relate to wool which was not 
brought to pH 4 8-4 9 before use, and combma- 
tion was studied as a function of the concentra 
tion of the solution (Georgievics and Poliak, 
Sitzungsber Kaiserl Akad Wiss 1911, 120, 
(2b). 465, Dieth KoUoidZ. 1914, 14. 319, 
Fort and Lloyd, J Soc Dyers and Col 1914 
30 5, Meyer. Textilber 1926, 7, 605) Usmg 
different wools adjusted to pa 4 8, however 
Speakman and Hirst (Trans Faraday Soc. 1933 
29, 148) and Speakman and Stott {tbid 1934, 30, 
539) have determined the titration curves with 
hydrochlonc acid The results revealed no 
aigcuficant differraices between wools, indicating 
that the fibre is constant m composition in at 
least one important respect, viz its content of 
basic ammo acids Maximum acid combming 
capacity was observed at pg 1, and, in sgi®® 
ment with Meyer s conclusion, the amount of 
acid combmed was found to be 80 c c N/l acid 
per 100 g dry wool This value is what would 
M expected in terms of Marston’s data (Table X) 
for the content of ergimne and lysiue, and 
Hams determinations of the ammo mtregen 
content of wool (J Res Nat Bur Stand 1935, 
14 663) The behaviour of wool with other 
acids 13, however, pecubar, as shown in Fig 14 
(Speakman and Stott, Trans Faraday Soc 1935, 
31, 1425) In keeping with Loehs results for 
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i’roteins and the Theon' 
of Colioiaal Behaviour,” McGran-.Hill Book 
Compnnr. 1922 p. 40), o.valic and phosphoric 
acjds icna to behave as monobasic acids, but the 
case of monochloroacetic acid is peculiar. Like 
acids, it causes intense swcUins of 
wool nbres when the solution is concentrated 
(Spoauman and Stott, Trans. Faradav -Soo. 19.34, 
30, o39J_. Since this exceptional tt-jw of swcllinc 
IS associated vath a large amount of combined 
moo lieat of reaction (i*m, ibid. 

R3S, o4, 1_03), it has been argued that all three 
phenomen.a are due to the sep.anition of the 
fcupenmpoHcd sheets of covalentlv-linked peptide 
■ chains wliich form the micelh-. ‘The separation, 
which is due to the hiirh swcUin" pressure 
c.evelopM in accordance'' with the Frocter- 
BiFon theory (.J.C.S. 1910, 109. 307, results in 
the liberation of those — NH^ — groups for com- 
bination with acid which were artirst n«ociated 
'HlU the CO — groups of neiehboiirina peptide 
chains. " " 

On account of their intense .swelling in con- 
c^trated solutions of weak acids, wool fibres 
offer less resistance to extension in such solutions 
than m solutions of strona acids at the same 
(Speakman, Freer Roy. Soc. 1931. A. 
oon’ Trades’ Chem. 1933, 

i-J; bpeakman and Hirst, i.c.). Nevertheless, 
the reduction in the resistance of wool fibres to 
extension in solutions of hs'drochloric acid is a 
linear function of the amount of combined acid, 
ami IS thechrect effect of salt-linkage breakdoivn, 
which facilitates unfolding of flic peptide chains 
e.xtension. The small contribution 
made by swelh'ng is evident from the fact that 
the maxinmni reduction in the resistance of 
fib^ to e.xten.=ion in solutions of hydrochloric 
acid, cont.aining salt in A'/a concentration as a 
swelling depressor, is no less than in solutions 
ot livdrochloric acid in water. Support for this 
^nclnsion is to be found in the properties of 
^ (vSpeakman and Stott, Nature, 
/Tn Sookne and Harris’ attempt 

it' Stand. 1937, 19, 535) to refer 

effect of acid to the induced swelling, 
direct effect of salt -linkage 
shown (Speakman, Amer. 
^®P- W3S, 27, P16S) to be erroneous. 

. audition to simple combination with the 
®“®'^^ains of salt linkages, more com- 
plicated reactions may occur, especially at high 
en^ratures, with certain acids. According 
M Mease and Rutherford (J. Res. Nat. 

'^tand. 1937, 18. 343), for example, a sul- 
P amic acid is formed when wool is treated with 
a concentrated solution of sulphuric acid : 

R-NH,-nH„S04-^R.NHa-HS04 

-»R-NH-SO,H4-H-0. 

mr ^ ' 3 ^ 

same reaction is presumed to occur when 
m f ™ dilute sulphuric acid is dried at 
,, Sn temperature, and-the loss of basicity in 
^ asstuned to be responsible for the 
' enects agamst acid dyes, which are some- 
p. produced in the carbonising process. Jja 
explanation, Harris and his col- 
mo overlooked the fact that tyrosine 

1 ^, ^,®^ptonated in the cold by concentrated 
P nnc acid, and most of the effects they 
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oteerved can be e.xplained equrdJy well on this 

« e^en more 

ompheated than that of sulphuric acid, and 
examined in any detail, 
f maih. It should not be overlooked that boilin'^ 
dilute acids are capable of liydrolvsing thS 
peptide bonds in the main peptide chains of 
wool, as voiikl be expected frem the fact thr * 
boilmg 20% hydrocldoric acid is used to dis- 
solve wool for the purpose of amino-acid 
anal5'S!s. 

The alkali-titration curve of wool was first 
determmed by Speakman and Stott (Trans. 
Imradaj »_oc. 1934, 30, 539) and it was found 
that little or no combination with alkali takes 
place below pjj 7. This result is in strict con- 
foraiitv with the observation of Speakman and 
Hirst (*.c.) that the resistance of wool fibres to 
extension in A /5 salt solutions containing various 
amounts of hydrochloric acid or caiistrc soda is 
independent of pu between 5 and 7. It was 
on the basis of this obseiwation that Speakman 
and Hiret suggested that 4-S must not be 
^regarded as an isoelectric point, but rather a.s 
I one end of a pji-stabib’ty region extending from 
about Pjj 5 to 7. The titration curve of wool 
supports this view, and Elod’s failure to agree 
may bo due to the fact that he has not taken 
account of the effects of disulplude-bond break- 
down on the alkali-titration curve of wool. It 
has already Ixen mentioned that when wool 
fibres are exposed to light and air, the disulphide 
bonds undergo hydrolysis and sulphydiyl groups 
(cysteine side chains) are liberated. The titra- 
tion curves of intact (root) and exposed (tip) 
sections of New Zealand Romney wool staples 
are shoirn in Fig. 15 (Mc3Iahon Md Speakman, 
Trans. Faraday Soc. 1937, 33, S46). On account 
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of the presence of excess sulphydryl groups in 
the exposed wool, it possesses a greater affimty_ 
for alkali than intact wool at the sameps value. 
In the light of these results, it seems probable 
that if Elod were to apply bis procedure to 
intact wool, it would be found to show an iso- 
electric region from about p^ 5 to pg 7. 

The affinity of intact wool for alkali is not due 
Eolelv to the acid ride-chains of salt linkages, 
because the disulphide bonds are attacked at 
high Ph values. For this reason, the titration 
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curve at pa values above 10 is vabd only for the 
particular time of experiment employed 
Hams (J Rea Nat Bur Stand 1939 535) 

has made an attempt to determine the true 
limiting base combining capacity of wool by 
working at 0°C and correcting for tlie effects of 
disulphide bond attack He finds a value of 
70cc A/I NaOHperlOOg dry wool, m fair 
agreement with the lequirements of the salt 
linkage hypothesis 

The nature of the decomposition undergone 
by cystine bnkages in alkali appears to be similar 
to that Caused by exposure to light and air 
{see p 99c) 

RCHj S S CHjR-fHjO 

= RCHjSH+RCHiS OH. 
RCHjS OH + NaOH 

= RCHO+NaSH + H,0 
This view IS in agreement with the work of 
Schobcrl and Wiemer (Annalen, 1933 507, 111) 
and IS supported by Crowder and Hama obscr 
vation (J Res Nat Bur Stand 1930 16 475) 
that half the sulphur may be removed from wool 
by treatment with caustic soda solution m 
absence of oxygen 

Although the nature of the decomposition of 
disulphide bonds by alkalis such as barium and 
calcium hydroxides may differ from that caused 
by sodium hydroxide, sulphur is removed and 
aldehyde groups are formed lu all cases The 
fate of the aldehyde appears to be to combine 
with the basic side chains of wool to form 
— CH N — Imkages between the peptide chains 
This suggestion was made by Phillips (Nature, 
1030, IS^S, 121) to explain the action of amines 
m assistmg the unhairing of skins by fresh lime 
liquors, and the effect of alkali treatment in 
opposing unhairing Spcakman (ibid 193C, 
138, 327) has obtained evidence of the existence 
of — CH N— linkages in fibres treated with 
caustic soda, and the function of the amines ns 
unhairing assistants is obaioiisly to prcaent 
cross linkage formation in the fibres by taking 
tha ^ce of the haavi avde chaws cowdensaUow 
with the aldehyde Besides the — CH N — 
tj’pe of cross linkage, some evidence has been 
obtained (Speakman, I e , Speakman and 
tVhewell. J Soc Dyers and Col 1936, 52.380) 
that — C S C— linkages are also formed when 
wool 13 treated with alkalis 
The peculiarities of the action of concentrated 
caustic soda solutions on wool at low tempera 
turcs were first revealeil by Buntrock (Farben 
7tg 189^, 9, 69), who studied the effect of treat 
ing wool yam with solutions of aanous con 
centration-* Fnch sample was immeised in 
caustic smla solution for 10 minutes at room 
temperature and then freed from alkflh by 
neutrahsatioii with acid and washing in water 
The strength of the dried yarn decreased con 
tmuouali with increasing concentration ofnlkali 
up to l'>“o (g /lOOg solution) and then increased 
until a strength 30®„ greater than the ongmal 
was attained with 38% caustic soda solution 
Treatment of wool yam with 3S% caustic soda 
solution was then fore recommended as a 
“ mercerising ’* process for incrrasiDg the 
strength and lustre of wool It has since been 
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shown by Speakman (JSCI 1929, 48 321T} 
that 38% caustic soda solution has itself no 
action on wool fibres because it has the com 
posihon of the hydrate, 2NaOH,7H20, and 
IS used at a temperature near its freezing point 
(15 5"C ) The increased strength and lustre 
realised by the “ mercerising process are due 
simply to surface attack on the fibres by the 
dilute alkali formed during neutralisation and 
washing off 

Relucmg Agents — Alkaline reducing agents 
have a powerful destructive action on wool 
oxnng to disulphide bond attack To be effec 
tive, the i>ii value of the solution should be at 
Pii 11 orabove (Marriott, J Soc Leather Trades 
Chem 1925, 9 618), presumably because di 
sulphide bond hydrolysis precedes reduction 
In the case of sodium sulphide, for example 
the course of the rekction seems to be as follows 
RS SR+HjO_RSH+RS OH 

RSOH-rTNaSH RSH+HajSj+HjO 
The liberated sulphydryl groups combine with 
alkali a powerful swellmg pressure is developed, 
and the fibre is gelatinised and dissolved This 
IS the basis of the unhamng process of the 
leather trade, where lime hquors are used as 
depilatories Old hme liquors are supenor to 
fresh hquors because they contain a reducing 
agent, calcium sulphide, derived from the action 
of hme on wool or hair in previous treatments 
The calcium sulphide by reducing the aulphinic 
acid aa soon as it is formed, prevents its decom 
position to give an aldehyde, and the 
— CH N — cross linkages which would oppose 
gelatiDisation ol the fibre are not formed 
Sulphur dioxide sodium sulphite, sodium 
bisulphite and sodium hyposulphito also find 
industrial use as bleaching and stripping agents 
King (J Soc Dyers and Col 1930 46 225, 
JCS 1027, 2039. 1929, COl , BP 332389) 
found that sodium sulphito and sodiuiu bisul 
phile are best used together m the proportions 
represented approximately by the formula 
2NaHSOg Na 2 S 03 and in such concentration 
that the SO^ contetvt ot tba aolvitwo. is 2% 

I Since the value of the solution is 0 8, the 
I process hoe come to be Icnown as the ‘ neutral 
' bleach ’ One of its merits is that it imparts a 
soft handle to the material, due no doubt in 
part to the action of the sulphites in causing 
partial breakdown of disulphide bonds 
RS SR-bNaHSOs=RSNa+RS SOjH 
A more common industrial bleach is that given 
by sulphur dioxide obtained by burning sulphur 
in a closed chamber containing the materials to 
be blenched Having been soap scoured, the 
wool K originally nlkalme, and exposure to 
sulphur dioxide causes the formation of sul 
phites m high concentration A study of the 
process has been made by Phillips (J Soc 
Dyers and Col 1938 54,503) who has obtained 
conclusive proof of disulphide bond breakdown 
with formation of S cystcinesulphonate side 
chains 

Tlic damage caused by disulphide bond break 
down with either acid or alkaline reducing agents 
may be repaired, to some extent at least, by 
after treatment of the wool with either oxidising 


IXBEES.. A XDir A L , WOOL AND R ELA TED FIBRES 


agents or salts of polyvalent metals (Speakman, 
ibid. 1936, 52, 423). Treatment ■nitli reducing 
agents, follotred by osddising agents or met^ 
salts, has also been made the basis of methods 
for imparting a ix-rmanent set to animal fibres 
at low temperatures (Speakman. BJ*. 453700 
and 453701). 

Oriiisir.g Agents . — Oxidising agents have a 
destmctive action on animal fibres, such as 
wool and hair, otving to disulphide-bond attack. 
The action of hydrogen peroxide has been 
studied in some detail by Harris and his col- 
laborators (J. Res. Aat. Bur. Stand. 1936. 16. 
301, 309; 1936,17, 577; 1937, 18, 623 ; 1938, 
20, 355, 559) on account of its use in commercial 
bleaching processes. Under the correct con- 
ditions, the cystine content of the fibres de- 
creases, even though the sulphur content re- 
mains unchanged. This is due to oxidation of 
the disulphide bond, presumably vtith formation 
of a disulphoxide. Since the latter is more 
readily hydrolysed than the disulphide, the 
alkali solubility of peroxide-treated fibres is 
greater than that of untreated fibres, and alkaline 
hydrogen peroxide is particularly destructive 
in its action on trool. In commercial practice, 
hovrever, little control appears to be exercised 
over the of peroxide-bleachinn baths (Weber, 
J. Text. Inst. 1933, 24, P17S). 

3Iore povrerful oxidising agents, e.p. chlorine 
peroxide, are capable of oxidising cystine to 
cysteic acid (Schmidt andBraunsdorf^ Ber. 1922, 
55, [B], 1529; Schmidt, Haag and Sperling, 
ibid. 1925, 58, [B], 1394), and trool treated vrith 
this reagent can be dissolved readily by such 
solvents as are normally used to dissolve silk. 

Halogens . — Chlorine and bromine have a 
particularly destructive action on the disulphide 
bond in presence of vrater (Douglass and John- 
son, J. ATn er. Chem. Soc. 193S, 60, 1486), and 
the use of chlorine water or hypochlorous acid 
to impart an unshrinkable finish to wool is 
based on this reaction. The process has been 
studied bv numerous observers (Trotman, 
J.S.CJ. 1922, 41, 219T; 1926, 45, 20T, HIT; 
Speakman and Goodiuss, J. Text. Inst. 1926, 
17, T607 ; Edwards, JB.C J. 1932, 51, 234T). 
According to Speakman and Goodings, the un- 
shrinkable finish is due to the fact that the 
surface scale structure of the chlorinated fibres 
is rendered inoperative, as regards shrinkage, by 
a layer of jelly which is formed as soon as the 
attacked structure is treated with alkali (soap 
and soda). Such gelatinisation is due, of course, 
to the action of chlorine in causing disulphide- 
bond breakdown. Attack should be restricted 
to the surface of the fibre, since the surface.scales 
are responsible for shrinkase (Speakman. Stott 
and Chang, J. Text. Inst. 1933, 24. T273), bat 
tfe is difiicalc of realisation when aqueous solu- 
tions of chlorine are used. The Wool IndusTries 
Research Association, Ring and Galley (B.P. 
Hi /19) have, however, taken advantage of the 
inaccessibility of drv fibres to reagents the mole- 
cules of which are larger than the ti-propyl 
alcohol molecule (Speakman, Trans. Faraday 
Soc. 1930, 26, 61) to ensure surface reaction : 
chloiirie is apph'ed as a gas to wool of low water 
content, with snccessful results. In a still 
more recent process (Hall, Hicking and Pente- 


cost, B.P. 464503) surface reaction and an un- 
shrinkable finis h are realised by treating wool 
with a solution of sulphuryl chloride in white 
spirit. The disulphide bonds are attacked in 
much the same way as with chlorine, tor it has 
b^n shown (Speakman, Xilssen and Elliott, 
Nature. 1938, 142. 1035) that dibenzyl disulphide 
is converted into benzylsulphonyl chloride and 
benzyl chloride by treatment with a solution of 
sulphuryl chloride in ether at a low temperature. 

Although the main point of attack by halogens 
is the cystine linkage, the reaction with animal 
fibres is complicated and the possibility of 
attack on peptide bonds and tyrosine side-chains 
should not be -overlooked (Stinn and CoDe, 
Textilber. 1935, 16, 585, 667, 795 ; vom Hove, 
Ansew. Chem. 1934, 47, 756 ; Haller and HoU, 
Textilber. 1936, 17, 493). 

Inorganic Salts . — Chief among the inorgam'c 
salts used in commercial practice on wool must 
be ranked the chromates and dichromates. 
Applied to wool from neutral or acid solution, 
and in presence or absence of reducing agents, 
oxides of chromium are deposited in the fibres 
to serve as mordants in dyeing processes. The 
chromic acid at first combined with the basic 
side-chains of the fibre is reduced, either by di- 
sulphide-bond attack, or by the reducing agents 
present in the mordanting bath. 

Disulphide-bond attack is also the basis of the 
use of mercuric nitrate and nitric acid in the 
carrotting process for increasing the felting 
power of rabbit end hare fibres, ilercuno 
chloride in acid solution likewise promotes di- 
sulphide-bond breakdown at temperatures above 
40"C. (Speakman and Coke, Trans. Faraday 
Soc. 1939, 35, 246) according to the equation : 

RS-SR-hHgCI;=RSCl-fRS-HgCl. 

Similarly, the use of thiocyanates for shrin k i n g 
(creping) wool textile materials, is due to the 
fact that under slightly alkaline conditions, the 
steaming process gives rise to hydros^phidw, 
which, as indicated above, cause disulphide-bond 
breakdown andsuper contTaction( J nstin -Mueller, 
Rev, Gen. 3Iat. Col. 1937. 41, 419;. 

Oraanic Compounds . — The reactivity Oi wool 
with' organic compounds has been studied only 
to a verv limited extent, owing mainly to the fact 
that the drv fibre is accessible onlv to com- 


r*. water, methyl alcohol, ethylene glycol, 
formic acid and acetic acid, are them-ehe.- 
reactive with the compounds whicii^miglu oc 
expected to attack wool. Aoimai tibres can 
of TOurse, be acetyhted. with reduction m He.r 
affinitv for acid dyes, but dctaib Oi com 
merciil process are not available. 
combines with the Ixisic sidc-cnams ot vooUo 

N:CO side-chains, and .orEahit..uot 

nnd quinone condense with the amino 

the same side-chains. In the last case, cro-- 

linkaves of the following type : 

OH 


'cNH— 


OH 
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are formed between the peptide cbams (Speak 
man and Coke { c.) but the reaction is com 
plicated and all its features bare not jet been 
elucidated 

J B S 

FIBRES, ARTIFICIAL or RAYON 
The idea of imitating silk with artificiallv pro 
duced fibres is an old one being mentioned in 
ICCo in Hooke N Micrograpl a P 7 «nd 
af'ain m 1734 ii Rtmmura Hi toire des 
In cctc! I 154 Horever it was not until 
the nineteenth centuri that there was any 
record of the actual production of artificial fibres 
Contemporaneou'ly with the starting of the 
first practical processes of manufacture the 
erm artificial *ilk was corned m 18S5 
Vbout this time the high price of real silk which 
Mas not less than IGs per lb from 1900 till 
1930 (FI gge Roh^eide Biblograph Inst 
\ G Leipzig 193C) was no doubt the induce 
ment to attempt its imitat on But since then 
steadily falling costa of product ion and increasing 
technical skill have made it po«s ble to imitate 
other fibres so that tl e term artificial silk 
has gradually become n ore inapt Be ides this 
it was felt even before the war (1914-18) that 
artificial ®ilk was an invorthy name for a 
product avhich ha I a claim in its own right to a 
place among the textile fibres (Douglas J Soc 
Diera and Col 1914 30 1“S) The term 
rnaon which was coined m \mcri a as the 
result of a competit on in 19 ’4 has been sub 
stitutcl ns the generic nam It nas stated 
recenth that rayon properlj dc cnbes all 
tjpes of synthetic fibres w£ose basic taw 
matenal is cellulose (Rep on Dev and Use of 
Rajon and Other Svn Fibres Dept of Agnc 
USA 103S) but the term is generaUj used 
to desenbe artificial and sjTithet c fibres w hether 
made from cellulo e or not although it should 
be mentioned that the British Cehne«e Companj 
1 as not accepted the term as applied to their 
product (Teat Manuf Siippl May 1936 
p txrv) 

recently new synthetic fibres liave been 
produced by Du Pont de Nemo irs m the 
United Stirtes which appear to be the first true 
artificial silk since not only in appearance but 
aUo in physical and chemical properties they ore 
similar to silk It mast be remembered that 
similar claims have been advanced in tbe past 
and have not been substantiated but the clauns 
ofthenewfibrc3( * 'Nyfon )appcarmorc6ccure]v 
grounded If tbev prove as sati factory as is 
claimed there mav be on important repercussion 
in tl e Japanese-Lmted States trade in natural 
silk since Japan s silk exports are about 
of her total exports and about 80°<j of her eilk 
exports are taken bj the Lmted States 

Cent nuous Filament i?ayon 1 ams —The pro 
duction of continuous flamcnts bv artificial 
means began m. France in 18S9 following quickly 
in Cennanv and England but \mcncan pro 
duction did not begin untd 1911 Italian until 
1913 and Japanese until ID'*'* However m 
spite of their late starts the L ruled States and 
Japan are now the leadmg producers being 
responsible together for 4“°o of the total world 
producUon in 103 s ( Indistrial Fibres 
HM‘^0 1939) 
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Mobld Peoduction of Raiov akd Other 
Fibres 


Year 

Contm 

flla 

ment 

rayon 

Eayon 

staple 

fibre 


Wool* 

Flax 

Cotton 


IDlUon pounds per annum. 

iiiii 

IS 

o5* 

4aS* 

991» 

0 

il 

0S"» 

3 ‘ 

50* 

43* 

130* 

110* 

I^0> 

2,"00* 

o»4D* 

1 1 ill 

10 500* 
10000* 
1®400 

14 000* 


• \ alaes shown are 5 “o of the greasy wool cLp 

* Ftugge Kunstsride BUbiograpl last 4 0 


* Industrial Fibres H M S 0 1933 and 1939 

* FlUgge Rohselde Bibllograph.Icst.A 0 Leip- 
tlg 1936 

» Survey of Textile Indu tries n M S O 19-3 

* \ear Book, National Assoc of Cotton Man 
Boston USA 19‘’7 p "61 

The rate of increase of world production of 
rav on has been 20*0 P«r annum with slackenings 
I corresponding to the war (1914-18) the economic 
crisis of 19^9 and the over production in 1937 

An important ca ise of the increased con 
sumption which has absorbed the mcressed 
production has been tbe fall in yam pnees 
which 1 03 occurred sine© 1018 In England 
150 denier vi«co«e rayon prices ro e from 6 Sd 
per lb in 1913 to a peak of IDs 3d per lb m 
Febniarj lO^O but have since fallen steaddv 
having reached Cs per lb b\ 102" ( Siiryey of 
Textile Industries H M ^0 19 S p 394) 
Sub«equently prices continued to fall until bv 
1933 thej had reached 3r Gd per lb at which 
time acetate rayon bad fallen to about the same 
price os nsco«e though ptenously it had been 
considerablj dearer In the winter of 193S 
vi3co«e yam prices reached a minimum at "s Gd 
per lb for 150 denier 27 filament viscose yam 
on pirn ( Industrial Fibres H3IS0 1939) 
but since then there has been a tendencj for 
prices to nse ogam The price was 23 lOJd per 
lb inFebruary 1940 for normal ansco«e bit the 
pnees of Courtanlds strong yam Ttna^o and 
of Celanese strong yams AI and M\ are higher 
During the period under consideration there 
lave been two pnee changes imposed on the 
industry an excise duty of la per lb intro 
duced in 1924 and its subsequent reduction 
to 6d per lb in July 1934 Silk wool and 
cotton prices at their different levels have 
shown similar trends to rayon price* m the 
penod 1913-33 American rayon prices rose 
irom 1 DO dollars per lb m 1911 to a peak of 
4 77 dollars per lb m 1919 and smee then have 
fallen at first rapidly and afterwards more 
elowlj (E FlQgge Kunstseide Bibliograph 
Inst A G Leipzig 193C) to a imnimnm at 
0 49 dollars per lb m the summer of 1*^3S for 
first qnalitj vuco«e jam ( Industrial Fibres, 
11,31 & O 1039) The price of nylon in Dcccm 
ber 1039 was 3 20—4 5o dollars per lb for 
hosiery knitting yams and was only very 
slightly less than the pnee of similar s it vams 
(Textile Morld 1940 90 No 1 5") 

* Tl e denier count of artificial sUk yam Is the u-eleht 
la gramf of 0000 metres 
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Tam prices, -vrliicli in tnm have been con- 
trolled to a large extent by production costs, 
hare been one of the main factors vhich have 
affected the fortunes of the different rayon 
processes. The other factors have been general 
vearing qualities and the ability to produce 
novelty effects. 

At the end of the nineteenth century the 
CShardonnet nitrate process accounted for more 
than _S0% of the ivorld’s production, but even 
then it ■was beginnmg to lose its pre-eminence, 
the decline proceeding steadily until production 
appears to have ceased altogether in the middle 
of the nineteen-thirties. This vas brought 
about in the first instance by the superior pro- 
duct and cheaper costs of the cuprammonium 
process, for it vras not until as late as 1909 
that there rras recovery of the costly solvents 
used in the nitrate process (J. Soc. Dyers and 
CoL 1909, 28, 1303). During the first feu" years 
of this century the cuprammonium process vas 
gaining ground at the expense of the Chardonnet 
process until in 1906 the former accounted for 
40% of the total ivorld production. Subse- 
quently the cuprammonium process was sub- 
jected to the competition of the cheaper viscose 
process and by 1923 declined to a mere 2% of 
the total output, though this proved to be its 
nadir, for subsequently production rose again 
and has maintained a fairly steady position at 
3-4% of the total production by all processes. 
The reason for the maintenance of its relative 
position is to be explained by the high quality of 
cuprammonium yams. 

After 1906, production by the viscose process 
started to rise rapidly, reaching a peak of 87- 
S8% of the production by all processes in the 
period 1932—34, though subsequently therfe has 
been a slight decline to 83% in 1938. This 
decline has been caused by the rise of the acetate 
process and can be accounted for by the special 
properties of acetate yams, which enable special 
textile effects to be produced which can be 
obtained in no other way. Large scale pro- 
duction of acetate yams began as a result of the 
requirements during the war (1914—18) of 
acetate dope for aeroplanes. The producers 
found themselves faced after the war with 
the problem of disposing of their dope pro- 
duction. In 1920 the manufacture of yams 
from this dope began and has since risen steadily 
to 13% of the world production by all processes 
in 1938, although probably in England and 
certainly in North America the production by 
this process is a much liigher proportion of the 
Tv-hole. In 1939 small samples of yams made 
from pol 3 'vinyl chloride and of nylon became 
available and Du Pont de Nemours & Co.’s 
large scale plant for the manufacture of the 
latter began operation in the United States on 
December 15, 1939 (Textile World, 1940, 90, 
^^o. 1, 52). The English plants are to be 
operated jointlj* by Courtaulds and I.C.I. 
through a subsidiarj’ company, British Nylon 
Spinners, Ltd., and are expected to start pro- 
ducing in the autulnn of 1940 [Timej, March 15, 
1940, p. 3). I.C.I. are to produce the polymer at 
their Huddersfield works and this is to be spun 
into monofil at Welwyn Garden City and into 
J'am at Coventry {Times, Mareh 21, 1940, p. 5). 

VoL. V. — S 
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1 Bay on Staple Fibres. — Initial interest in the 
manufacture of staple fibres arose in Germany 
I during the war (1914r-lS) when it became 
i necessary to eke out slender supplies of natural 
staple fibres. Demand and production lan- 
guished when normal supplies were restored 
after the war was over. German production 
of 4-2 million lb. in 1919 fell to 1-3 million lb. in 
1920 (Konigsberger, “ Die deutsche Kunst- 
seiden-und Kunstseidenfaserindustrie in den 
Krieg-und Nachkriegsjahren,” Berlin, 1925). 
About 1930 interest in artificial staple-fibres 
revived, partly because of improvements in 
manufacture which resrdted in increased 
strength, and since then there has been a more 
than hundred-fold increase in production. The 
principle producers are Germany, Italy and 
Japan, who as part of their national policies of 
self-sufficiency have encouraged the production 
of these fibres and recently have even passed 
regulations to enforce their use : a German 
decree in 1935 enforced the admixture of at 
least S% rayon staple-fibre in all coarse cotton 
yams; this proportion being raised in 1937 
first to 16% and' then to 20%. S imil arly 
Japanese decrees in 193S required first a mini- 
mum admixture of 30% rayon staple-fibre with 
all cotton for domestic use (with certain excep- 
tions) and then prohibited the use of cotton 
altogether, whilst decreeing that 50% of rayon 
staple-fibre must be mixed with all wool used 
(“ Rep. on Dev. and Use of Rayon and Other 
Syn. Fibres,” U.S.-A.. 1938). Recently Ital 3 ' has 
decided that all textiles for her home markets 
must contain at least 20% of home-produced 
I artificial fibres, the woollen industry being 
expected to use them in the form of “ Lanital ” 
land ‘^Cisalfa” fibres (Times, March 21, 1939). 
Probably because of the influence of these 
decrees, Japanese, German and Italian produc- 
tion together accoimted for about 90% of the 
total world production in 1938 (“ Industrial 
Fibres,” HAI.S.O. 1939). A still greater in- 
crease in German production is envisaged by 
Schieber [Times, February 14, 1940). 

Unlike continuous filament ra^-on, which in 
the first instance can be considered a cheap sub- 
stitute for expensive natural silk. ra 3 -on staple- 
fibre is, again in the first instance, a substitute 
for the comparativeh- cheaper cotton and wool 
fibres. Consequent^ in order to popularise its 
use in those countries where its use has not been 
compelled b 3 - law, the manufacturers have pro- 
gressivelv reduced its price. This trend u as 
accelerated in England by the reduction of the 
6d. a lb. excise dut 3 - imposed in 1924 to 3d. a Ib. 
in June, 1934, and then by its complete abolition 
in September, 1935. In 1936 the price of visco'c 
staple-fibre was llrf. per lb., but tliis was re- 
duced to lOd. per lb. at the end of 1937 and 
there was no further change until the end of 
1939 when there was a sb’ght tendency for the 
price to rise. In Fcbru.ary, 1940, it w.as 12fd. 
per Ib. Acet.ate staple-fibre has generally been 
about 50% dearer than viscoso- 
In the United States visco'c staple-fibre price# 
fell steadily from 1928 when the price wiis 0 CO 
doll.ars per" lb. to 1937 when the price was 0-2.7 
dollars {'cr lb. Here again acetate prices h.ave 
been hicher tiian H'cose price#, though the 3 ' 
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fell from 0 SO dollars per lb in 1036 to 046 
dollars per lb in 193S ( ‘ Rep on Dev and Use 
of Rayon and Other Sjn Fibres,* USA 193S) 
No teliablo statistics aro available for the 
proportions of rayon staple fibres made by the 
different processes, though it is probable that 
the viscose process, including such modifications 
as the processes for producing basificd \iacose 
fibres, IS responsible for 96-95% of the total 
production Fibres made from casern probably 
amount to no more than 1-2% of the \rbol^ 
xvhilst a not mconsiderablo though relatively 
small amount of acetate staple fibre is produced 

ILaNCFACTiniE OP Raions 
Substances that can be formed into filaments 
must have Imear molecules and high molecular 
areighta end, up to now, all fibre forming mole 
cules have been of tbo superpolymer type m 
which there are many hundreds of repetitions 
of a comparatively simple cham unit A number 
of natu^ substances bare suitable molecular 
structures but the processes used to form these 
into fibres invariably cause some measure of 
depolymcnsation However, there have been 
several succcosful attempts recently to ayn 
thesise substances capable of forming fibres by 
the polymerisation or condensation of smafi 
molecules into long chains lor rayon manu 
facturo fibre formation is not sufliacnt Only 
those substances aro suitable for rayons that 
will form fibres with desirable textile properties 
The most important of these properties are 
strength, extensibility, fiexibihty and insolu 
bility m water and dilute alLahcs The fibres 
must also bo non mflammable, have a high 
softening pomt and bo capablo of being dyM 
In addition it is preferable, though not essential, 
that the fibres be truly elastic Fmatly there is 
the o>er riding coonomic con«idcration that new 
artificial fibres must be produced more cheaply 
than the natural fibres or older ortificisl fibres 
with which they have to compete Only a few 
natural and synthetic substwees giae fibres 
winch satisfy all these requirements 
In the broadest possible tcxins the processes 
of rayon manufacture consist of liquefaction 
of tho fibre formmg subst&nco and extrusion of 
this as filaments which are subsequently 
Bohdified Gcnendismg again, the capital diQi 
culty of ray on manufacture is tho attainment of 
uniformity Tins statement should perhaps 
qualified m the cose of rayon staple fibres, since 
these can bo blended hke cotton or wool, but no 
such levelling of mcquabtics can bo appbed to 
continuous filaments Continuous filament rayon 
from its nature has a comparatively umfotm and 
regular form, so that any irrcguUnty. in par 
ticular any periodic irregularity, is stnLmgly 
obvious A similar irregularity would probably 
pas# unnoticed among the sporadic irregulantics 
inherent m staple fibre y ams For this reason a 
perfectly uniform rayon yam which la sbghtly 
defective m other ways is preferable to a rayon 
yam which i# irregular though free from other 
dcfecta A perfectly uniform rayon yam can bo 
obtained only by perfectly umform chemical and 
mccbsiucal processes 

\\ ith rayon staple fibtva, strength, elasticity 
and special dyemg properties have a greater 
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itnpotfanco than with continuous filament 
ta3mn3, smee rayon staplo is intended to blend 
with or even suPstituto strong fibres hko cotton 
and flax and elastic fibres hke wool and schsppe 
silk For similar reasons the staple length and 
demer of cut rayon fibres must be smtable for the 
spuming macbmery in the cotton and wool 
industries 

Many processes have been proposed for im 
provements m the manufacture of rayons, but 
in tho space available it is only po&&ibIe to 
consider the more important processes These 
ate described as far as is practicable m the 
order of historical development smee m the 
writer s view, this bnngs out most clearly 
tho sequence of the ideas and the growth of the 
refinements which have brought the mdustiy 
to its present great position 

MANDTAcrimiNQ Processes. 

Glass Fibres — ^Theearhest artificial fibres to 
be produced were made from glass and it is 
recorded that these were exhibit^ at the British 
Association meetmg held in 1842 (Hard, “ The 
Romance of Rayon," Manchester, 1933) lams 
made from glass fibres have been woven into 
textile fabrics, but these do not appear to have 
passedthe stage of technical curiosities Modem 
glass fibres aro very fine and yams made from 
them aro extremely strong and quite flexibl® 
(Und^ay Forster, J Text Inst 1039, 80, 
however their comparative hardness would w 
a serious disadvantage if glass yams were to 
be used m combination with other textile &hK» 
They are at present used only m filter cloths 
and for electrical and thermal insulation 
Modem glass fibre yams have tensile atrengtas 
as high os C 3 g /den , but have elongations of 
only 1-2% (Textile World, 1939, 89, ho 10 76) 
Cellulose Nitrate Process —Although (m 
1838) Felouxe had noticed that concentrated 
mtric aad appeared to form a compound with 
cotton It IS probably to SchOubein a discovery 
of guncotton ’ (Phil Mag 1847, SI, 7) that 
the chief credit should bo given for the discove^ 
of vellulcftB nitrate This was found by Menard 
m 18fC and mdepcndenlly by Maynard in WS 
to bo soluble in a mixture of ether and alcohol 
giving a solution known as * collodion’ the 
transparent films from which were used m photo* 
graphv from 1850 onwards The pnbhcity 
that ceUulo«e nitrate received from its many 
important applications, and the fact that it 
was the first substance suitable for forming 
fibres to become rcadilv available, are doubtl^ 
tho reasons why tho first rayon process patented 
was the cellulose nitrate process of Audemars 
(B r 283, 1855) His process showed a cunous 
connexion with sericulture m usmg mnlberrj 
bast fibres as the raw material Filaments were 
formed by dipping steel spikes into the collodion 
and then withdrawing them upwards so that the 
line streamers of solution formed filaments ^ 
evaporation of tho solvent This crude methM 
was superseded through the introduction of single 
hole spinnerets suggested by Oianam (Compt. 
rend lb62.65. 833) 

Audemara* patent marks the beginning of the 
cxpcnmcntal penod which extended to 1SS9 m 
wnicb year Count Cbardonnct started the first 
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ravon ikctoiy at Eesancon (-J. Soc. Drers a-d 
CoL 1914, 30, 199). Etetrreen ISS4 and 1S93 
Caardonnet took out a Isrge Enraoer of patents 
in France, Ennland, Germanv, America and 
Sttitzeiiand. From tksse patents it anaears 
that tke earij" spinning macHnes trere arranged 
so that the collodion ttas extmded notrards 
throngh a ro~ of smgis hole spinnerets, first into 
trater and then into a chamber vrbere the solvent 
vras eTBporated by means of a cotmter-cnrrent 
of hot air. The filaments -srsTe hardened in this 
cha mb er and gronps of filaments ttere led cp- 
•tards and collected on rotathm spools. 

in spite of the addition of vadons fireproofing 
snbstances {GfP, 3S3dS CL 29) this rayon ttas 
highly infiammahls, and ttas called " mother-in- 
lav silk by the textile vorkers of Lvons vho 
said a man could rid himself of his mother-in- 
lav by presenting her ttith a dress made of 
this material (J. Sac. Uvers and Col. I&IA SO. 

199). 

Sir Joseph W. Svan had abo been vorktng 
independent^ on the prodcction of filaments 
&om ceUnlcee nitrate (J.S.Ci 1SS5, 4. 34), bnt 
for electric lamp) filaments, and he had devised a 
process of denitration (vith ammonicm hydro- 
snlphide) for the prodcction of regenerated cellc- 
lose fi laments (EfP. 597S, 1SS3}. This process 
vas snbseqcently adopted by Chardonne: 
vas the meaits of saving Lis yams from 
scription on the grounds of their infiammabiirty t every 100 fcg. of casein, the solntion sftervards 
(Hard, op. cii.), cnfortcnately vhilst denitration j being dilcted nndi it contains lOO kg. of casein 
redcces the fire hanard, it "has the defect that ! in 400 litres of solntion. This solctioa is 
it veakens the rayon since it prcdcces serions [ alloved to mstcre at 24~C. tmtil the vis costty 
degradation of the ceUclose (Davidson, J. Text, j has fallen snSciently, at vhich stage the matcra- 
Hist. 193S, 29, T20-S). j don may be halted by cooling. The sohdon is 

Tn 1S91 the prodncdon of the Sesanjon j span by extrusion into a coagniating bath con- 
fectory vras only* abonr 40.C>00 lb. per annnm, j taining' snlphcdc acid, sodicm snlphate and 
but it shoved a thirrr-fold nse in the next { aluminium sulphate, the insolcbilising action 


thirteen years. After 1^95, althouah prodncdon I of the aluminium being assisted by a subsequent 
in Fiance. Belrium and elssvhere continued to I treatment in a bath containing formaldenyde. 


Dreaper (JJS.CX 1909, 28, 1297), gave the 
strength as 0-63 g./den. and the extensibilitv as 
3-5%. In a later patent (B.P. 670';', 1S9S) 
Hfli a r proposes to use other proteins, including 
cassis, for the production of ardficia! filaments, 
but his evaporadve method of spirminn —as less 
suitable for the soludons he used tb-Ti for the 
volatile solvent sohrdons employed by Char- 
donner. Xon-volatfie solutions are better suited 
to vet spinning and Todtenhaupt (BJ*. 25295, 
1904, G.P. 17(>j.51) Ttas the forerunner of the 
modem practice of spinning alkaline aqueous 
solutions of casein into an aqueous acid coagu- 
lating bath. — hich contained formaldehyde to 
harden and insolnbOise the filaments. 

Xeither Todtenhaupt's process nor any of 
the numerous processes that vere descrfb^ in 
the patent literature during the next 30 years 
fonnd large scale commercial utilisation until 
Ferrettrs process (BY. 4S3S07 ; 4-S3S0S; 

4S3S09; 4S3S10; 510131; 511160) vas adopted 
by the Snia Fiscosa Company in Italy. This 
company began casein-fibre prodncdon in 1936. 

According to Ferretti’s specifications the casein 
is prepared &oni mfik by coagulation vith acid 
at pg 4-5. (Tie isoelectric range of casein is 
3-5-6. IJoyd and Shore, “The Chemistry 
of the Proteins," London. I93S, p, 416.) A 


increase sloviv for 


e, the comnedtion of 


tonicm process 


td then 



! tprether vith the addidon of sodium chloride td 
tiny in the bath. As vith other 


i The aluminiam and formaldehyde are each 
ucter of 1 sunposed to form cross-inks binding the protein 
rould be ; together (Diamond and Wormefi, J. Text. 


nrst the cuxcai ^ - - . 

viss^se process vas too great and prodncdon rayons stretch-spinning is stated to improve the 
appears to have ceased altogether in the middle f 
of the nireteen-thirdes. 

Protein Rbres. — The protein char 
silk made it obvious tiiat attempts vo 
made 
To 
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produced 


hinch later 9Iiilar(B.P. 15522, lS94)dEStribed propose to acetybte the casern one or 

the nroducdon from treladne soludons of silk- ‘ o^her of a number o: acetyA3.m_ a,,ei..c.^ 
like filaments bv evatxsmdcn of the solvent as > Fibres from soya-bean pzo.e^ are pro- 

they vere earned on Itng travelling bands. | duced cemmeredaLy on s smail 
Subseuuentlv the filaments vere insolubnhcd under the nam 
by treatment vith formaldehyde, thus fore- 5Q20iS). Lise cmem noro;: 
shadovinr: the present-dar method of insoiu- ' i 
bili 

raycn vus actuailv pr 
January G, 1595} and from small s.'i: 
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process, the only successful process to date, are Cotton Imters are used as the source of cello 
no exceptions, since they cannot be used alone lose, these are kier boiled and then bleached m 
satisfactorily but must be used in admixture large hoUanders to remove impunties and to 
with other fibres, for example with wool Had depolymense the cellulose somewhat so as to 
it not been for the effort to attam economic self obtain reasonably fluid solutions at useful 
sufBciency m Italy, which imports considerable concentrations After bleaching, the hnters are 
quantities of wool, it is doubtful if there would washed and hydroextracted preparatory to 
have been much progress m the manufacture of dissolrmg them m cuprammoiuum hTdronde 
casern fibres As it is there was a production of solution The cuprammonium solvent can be 
more than 3 million lb m 1937, and more than made in several ways and it is known that it 
10 miUion lb m 1938 They are also bemg has better solvent powers the higher the copper 
made m small quantities m England by Cour content and the lower the content of anions 
taulds. Ltd , and m Holland bj the A K. U other than hydroxyl or carbonate However 
Although the actual ammo acid composition the solvent power of a cuprammomum solution 
of casern is different from that of wool (Uoyd contammg acid ions ran be improved by the 
and Shore, “ Chemistry of the Proteins,” addition of caustic soda 

London, 1938, p 136) both are proteins and pos The spiimmg solution may be prepared by 
sess similar dyemg properties, though genei^y mixmg together the bleached cotton hnters, 
casern fibres dye more rapidly than wool ammonia, basic copper sulphate and cansbc 
(Grundy, J Soc Dyers and Col 1939, 55, 345) soda solution to obtam a 7% cellulose solution 
However casern fibres are much more sensitive In the absence of air and light this solution is 
to hot aqueous treatments than are wool fibres, perfectly stable and it can be spun immediately 
andparticulailymthepresenceofdiluteaqueous alter it has been filtered The filtration, how 
alkalis, casern fibres become plastic above OO^C ever, need not be through such fine filters as 
Although, like wool, casern fibres have eon with visco«e or cellulose acetate solutions since 
siderahle extensibihty, unlike wool they have the spinneret holes used are so much larger 
inferior elasticity (Heim, J Text Inst 1939, SO, this process This is convenient «mce orJv 
P213) In spite of this and m spite of the absence moiganic filler materials such as fine nickel 
of scales from the surface of casern fibres, when gauze can be used because of the solvent power 
mixed with woolthey improve the felting proper of the solution on oigamc fibres 
ties of the latter, although alone they possess no .^though Lehner (G P 68508 Cl 29, 1890) had 
feltmg properties (Diamond and Wonnell, Ic) invited a process of stretch spuming for cellu 

Cuprammonium Process— The fact that lose mtrate filaments, it does not appear to hats 

cuprammonium hydroxide was a solvent for had the same success as ^uele's stretchapia 
oeUuIosewasdiscoreredaccidentally lotbecouise nmg process (BP 8083, 1602) in the cuprsni 
of other work by Schweizer (J pr Cbem 1857, momum method of making rayon By means 
[i], 72, 109) No apphcatioQ of this discovery of ^ueles mvention spinneret holes of 1 bub 
was made until towards the close of the nine diameter could be used and yet fine filaments 
teenth century when a number of inventors, of could be prodneed This was made posuUe 
whom Despaissis (FP 203741, 1890) was the because the settmg of filaments was earned out 
fiist, devisM processes to utilise Schweizer a dis very slowly m hot water, mstead of rapidly m 
covery for the manufacture of rayons In ao acid, and durmg this slow setting the £1» 
Despaissis a process the solution of cellulose in ments could be stretched to many times their 
cuprammonium hydroxide was extruded through original lengths By this device filaments finer 
spinnerets and coagulated m a dilute acid bath than 0 12 denier could bo produced and yam 
'DnSortunatAy’E'espinssisiDiTiok’ave\t»ieve’iop wiVn iilamcnla finer than 1 denier was ’* 
his ideas and the cuprammonium process Ian England during the tot decade of this century 
guished for a number of years until almost (Dreaper, J Soc Dyers and Col 1937,53,436) 
simultaneously Pauly (B P 28631, 1897), Not only did stretch spinning permit finer fils 
Fremery and Urban (B P 6557, 1899) and meats to be made than tho'e that could be 
Bronnert (BP 13331, 1899) specified the con produced by any other process, but becaus* 
ditions necessary for successful manufacture of the better and more uniform orientation of 
These three patents describe the precautions to the cellulose chains brought about during the 
be adopted m preparing the cellulose solution stretching and the comparatively small degraiw 
Both m Bronnert’s and in Fremery and Drbanh tion of the cellulose m the process as a whole, 
patents it is recommended that the ceUulose stronger yams were produced than by 
be partially degraded to obtam solutions less rayon processes This umque position hu 
viscous than tho«e from undegraded native changed, for viscose and acetate can now w 
celluloses stretch spun, and highly stretched, and highly 

In 1893 the Glanzstoff Company began pro- polymerised cellulose rayons produced froD 
duemg cuprammonium yams m Germany ac viscose and acetate are now made commercially 
Mrdiag to the processes of these early workers Filtered cuprammomum cellulose solution a 
^ter the same company opierated a works m forced along pipelines under pressure to the 
. *^**^hich was taken over by Coortanlds, Ltd , spinnmg room, where the pipes subdivide to 
the war (1914-18) and converted to feed the different spmnmg machines Because 
At *he large spmneret holes used, unlike those 

cess sUn/F”1f“^ cupiammomum pro used m the viscose and acetate processes, 

heuiK yr Order of production It is individual spmmng pumps are not necessary 

the&nf^n . England, m Amcneo and on and one spinnmg pump can bo used to a group 
of spinnerets The spinnerets are made oI 
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stainless steel and have the holes arranged in a 
single circle. The holes are 0-S-l dia- 

meter. 

A modem version of Thieles stretch-spinnins 
arrangement is shovm in GJ*. 421339, Cl. 29a 
in vhich each of the spinnerets is immersed in the 
preliminaiy coagulating bath of -rater at 40- 
50'C. contained in a glass cvlinder -o-hich has a 
coasaal glass funnel inside 'it. The hot rater 
enters at the bottom of the cvlinder and flora 
nprards in the annniar space till it reaches the 
top of the fimneL The rater then flora do-nn 
the funnel rrith a velocity that increases as the 
diameter of the funnel decreases. The filaments 
extruded &om the spinneret, -vhich is mounted 
3 ust abo-ve the mo-ath of the funnel, are carried 
do-ra the funnel by the stream of rater. As 
they travel do-mi the funnel the filaments are 
gradually coagulated by the diSusion of the 
hydroxyl ions out of the filaments and at the 
same time the acceleration of the stream of 
"rater due to the narro-ving of the funnel 
stretches the filaments. The coagulated fila- 
ments emerge mom the bottom of the funnel 
together vrith the stream of rater -K-hich is 
aHovred to fall do-rarrards -Rhilst the filaments 
are carried to one side as in B J. 2S461S. In 
the machine described in this patent the fila- 
ments next pass through a combined guide and 
acid bath, -srhere they are treated -rath dilate 
sulphuric acid -which neutralise the alkalinity 
and dissolves out the copper. After this the 
filaments are collected in an untwisted state on 
an add-proof swift. Alternatively the filaments 
msv be twisted and collected in a spinnins pot 
(B j>. 29903S). 

It is interesting that Fremeiy and Urban 
(BfP. 6735, 1S99) comment on the trouble 
attendant on bobbin spinning, -which they say 
is o-wing to the contraction on drying of the jelly- 
like -wet filaments. This diSculty has been the 
bugbear of all bobbin spinning processe and 
has been largely responsible for their superse- 
sion in favour of other methods of collecting -wet 
celitilee filaments. In the modem ctrpram- 
mcmium -process an arrangement is used. like 
that in G.P. 4322S5 of 1925, -whereby .the yam 
is spun on to swifts of normal bank ^rth, -which 
are collapsible, and &om -which the yam is 
removed in the form of hanks for -washing and 
firying. ThiJ procedure, -wherein the yam re- 
ceives no twist, is practicable on^ because the 
filaments in each yam adhere together, although 
they -wiH separate on subsequent handling. If 
the filaments -were entiiely mom one another 
the yams -wo-utd become hopelesdy entanded and 
impossible to -wind in the absence of any twist. 

IThen cuprammonium rayon is spun on to 
swims, these must be lemo-r^&om the spinniiig 
machine at intervals and the indrvidiial h ank s 
from each spinneret must be laced -with three or 
four tie bands. The swiSs ra-n then be collapsed 
end the hanks removed. Th^ are processed 
by simfia- methods to those -winch -were usual 
in the viscose industry until recently. The 
processing consists in ba-ogfrig groups of ha-nks 
on to rods -which are conveyed -under a seriK of 
sprays to -wash and -fini-b the yam- Xormally 
the yams are first -washed See from arid -with 
rater and afterwards -with soap or other soften- 


ing agent. The yam is finally dried and 
conditioned. 

In England only one company, British Bem- 
berg. is at present operating the cuprammonium 
proems. Their yarns range in denier from ahout 
35 up to about ISO, although the filaments aH 
have the same fine dem'er of 1-3. 

Owing to the intense price c-ompetition be- 
tw-een Ae diuerent proc-esses waste of any kind 
has to be avoided. In the cuprammonium pro- 
cess this entails recovering the copper from the 
arid rash-liquors. 

Viscose Process. — The -tiscose reaction 
which produces a rater soluble xanthate of 
ceDuIose was discovered by Cross, Bevan and 
Beadle (B.P. S700, 1S92}. But attempts to spin 
satisfacroiy filaments from solutioiis of ceDuIose 
le-vealed a succession of diScuItres, and it -was 
many years before the process emerged from the 
experimental stage. Accoidmg to Hard {op. csl.) 
the process was first commercially established in 
France, for although the earliest works had been 
started in England it -was not until 1912 that it 
was firmly established here. 

Wood pulp is the ceUulose raw-material most 
used- It should have a low resin and ash content 
and a high content of c-ceHuIose (r. VoL II, 
460r, 4653). The pulp sheets should be soft and 
free from hard lumps. Taken over a period of 
years there has been a tendency for pnlps of 
higher and higher c-cellulose-contents to be 
used in the indnstiy. Xow according to Hehhs 
(J. Sdc- livers and GoL 1939. 55, 550) file a-rerage 
-value for rayon pulps is S9-5% c-ceHuIose. 

CeDuIose -wood p-a^ is not a homogeneo-us pro- 
duct but consists of a mixture of c^uloses -with 
dinerent degrees of polymerisation (Schieber, 
Papferfabr. 1939, 37, 245). The least poly- 
merised or most degraded ones are the so-caEed 
hemi-ceDuIoses which are alkali-soluble. These 
are to some extent leached out in the mercerising 
process, and contaminate the mercerising lye, 
and are consequently undesirahle. Highly 
polvmeiised ceDuloses gi-ve rise to very -viscous 
viscoses which are diScult to handle and for this 
reason are also undesirable in the normal pro- 
cess. On the other hand 3Iaik has shown 
theoreticany that more highly polymerised (i.e. 
longer) molecules are more easily aligned by 
stretching than are less highly polymerised ones 
fXrans. Faraday Soc. 1933, 29, 6). For this 
reason in Epinning highly oriented viscose rayons 
bv the LDienfeld process (BiP. 274-521) it was 
found that it was* advisable to eliminate alto- 
eether the aserng process. The resultant viscose, 
thoush more diinte in ceDuIose than usuaL -was 
stQl -verv viscous and presented special problems 
in transport. 

The sheers of pulp sre mercerised iu mer- 
cerisias-streiigth caustic soda, usually about 
1S°^ at about 2(FC., for 1-2 ho-ms under con- 
ditions which win ensure uniform penetration 
of the pulp {r. VbL U. 4655). 

The swollen sheets are next submitted to pres- 
sure at about 200 Ib. per so. in. to remo-re excess 
Ive and to yirid an alkali ceDuIose contain- 
hiz 2 S- 3 (y;i ' ceDuIose and 15-15-5% sodium 
hvTiroxide. Both the mercerising and pressing 
are often carried out in a mercerMng press of 
the kind shown in B.P. 7S93, 1912. 
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The sheets of pressed alkali cellulose are now caustic soda by mechanical agitation to give a 
diamtegrated in a machine with revolvmg arms scdntion contammg usually about 8 5% cellulose 
such as that descnbed m G P 400378 Cl 29a and 6 5% sodium hydroxide The viscose thus 
The dismtegration is carried on for 2-3 hours obtmned is filtered, and ripened until ready for 
until the nlknii cellulose now in the form of spuming 

“ crumbs ” occupies about a btre for every Viscose solutions differ from cuprammomum 
300-350 g solutions of cellulose and solutions of cellulose 

The crumbs are emptied into sheet steel vessds nitrate and acetate, in that the latter are reason 
which are covered with bds and stored m a ably stable when kept in closed vessels, whilst 
thermostatically controlled room for 2-3 days viscose is unstable Under normal conditions 
During this storage or “ ageing ” there is of temperature there is spontaneous decom 
oxidation of the cellulose by the oxygen of the position due to a combination of hydrolysis and 
air enclosed in the porous mass of crumbs saponification (Klauditz, tbid 1939, 37, 251), 
(Davidson, J. Text Inst 1932, 23, T95) Con the sodium cellulose xanthate giving sodium 
sequent upon the oxidation there is a progressive carbonate, sodium thiocarbonate and cellulose 
fall in the viscosity of the viscose made from The reaction probably proceeds heterogeneously 
the aged crumbs, the relation of time and m such a way that there is a mixture of varymg 
viscosity bemg approximately hyperbobc Ac proportions of cellulose and dicelluloae xanthate 
cordmg to Schieber (I c ) this is because tho (Frenkel, Cellulosechem 1928, 9, 25), the latter 
more highly polymerised cellulose components decreasing end the former increasing as the 
only are broken down mto shorter cham celJu decomposition or ripening proceeds Only the 
loses, but Lachs, Kronman and Wajs (KoUoid Z commercially uneconomic method of refrigera 
1938, 84, 199) consider the order of heterogeneity tion will retard this process, so that under normal 
remains the same although the mean chain works conditions viscose made on a given day 
length 13 decreased roust be spun on another given day In fact the 

The presence of iron, copper and nickel ac only alternative to contmuous production would 
celerates the oxidation of cellulose m the presence be to clean out all the pipelines and storage 
of alkah (Davidson, I c ) and although Letter vessels whenever the process was to be halted 
moser and Wultsch (KoUoid Z 1938, 83, 180) The compulsion oftbis was seen during the stay 
confirm this effect on the ageing for traces of in strikes in France in 1936 when “The silk 
iron, they find copper has no influence A rise workers at Lyons, who not only have occupied 
in the ageing temperature produces more rapid an artificial eilk factory, but have kept part of it 
oxidation of the alkali cellulose workmg have now furnished (an) 

The xanthation or churning whereby the explanation of their motives because the 
alkah cellulose crumbs are converted mto cellu viscose used in the manufacture if allowed 
lose xanthate is earned out in rotatmg chums to be idle, would sobdify m the machmes and 
in a thermostatically controlled room at be do damage which would take at least 2 weeks 
tween 20 and 25*C The crumbs are placed m to repair ’ {Ttmes, September 18, 1936) 
the chum which is closed and set rotating slowly The necessity to ripen viscose in order to 
whilst the predetennmed quantity of carbon achieve satisfactory spmmim was discovered at 
disulphide is mtroduced through a hollow tnm an early stage by Steam (B P 2529, 1902 , 7023, 
mon The reaction is exothermic and there is 1903), and the methods claimed to obviate this 
usually a temperature nse of 6-8’C At first process have not been found satisfactory in 
there is a nse of pressure in the chum due to practice 

nse of temperature After this the pressure Ripening can be measured in several ways, of 
, at first slowly and then rapidly os the which the most important are the amount of 
arbon disulphide reacts At the same time combmed sulphur and the ease of coagulation 
the colour of the mass changes from a creamy Tbelatteris the more common m works practice 
white to a yellow and then to an orange at and can be earned out by determining the 
which stage the reaction IS stopped by evacuatmg number of cc of 10% ammonium chlonde 
the excess of CS^ from the chum and subse solution required to coagulate 20 g of viscose 
quently emptying the contents mto the dissolver (Bottenioth, Chem Ztg 1915, 39, 119) The 
The usual reaction time is 3-4 hours older and nper the viscose tho less ammomum 

According to Lieser (Jbeheel, “Chemie do chlonde is required and the lower the npeness 
Zuckeru Polysacehande” Akad Verlag, 1939) number Nowadays viscoses are bemg spun 
It is the hydroxyb attached to the C2 atoms of at npeness figures above 10, since the less npe 
the glucose residues which react The usual tho vucose the less is its contraction on drying 
proportion of carbon disulphide is 32% on the There is a difficulty in using unnpe viscose, as 
weight of the cellulose which is theorcticallj this is Lable to give “ milky ” filaments unless 
sufficient to xanthate every glucose residue, but the vanoua conditions are properly adjusted 
only one in two of the glucose residues is Ripening is done m steel vessels kept in a 
xanthated The proportion is statistical since cellar at constant temperature Durmg the 
about half the cellulose chains are not xanthated operation the opportunity is taken to filter the 
(Lieser, Annalen, 1930, 483, 132) An explana viscose by forcing it under about 4 atmospheres 
tion based on the accessibility of the cellulose pressure through presses from one vessel to 
has been put forward by Lieser Hall (Papier another It is most important that all mmeral 
Fabr 1933 36, 272) and Schramek (i6id 1938, particles and undissolved fibres that might 
36, 22C) who suggest that the reaction may be block the holes in the spmncrets, be removed 
intermieellar by filtration To this end open filtering media 

The cellulose xanthate is dissolved m dilnte like cotton wool and fiannelctte are better than 
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suggested as the process developed 
of 1902 claims that viscose filaments which have 
been coagulated with acid and as a consequence 
contam precipitated sulphur, may be desul 
phunsed with a sodium sulphide solution to 
produce colourless and lustrous rayon However, 
acid alone is not satisfactory smce the decom 
position 13 too rapid and gives weak ^laments 
contammg hollow spaces (Bred4e, Chem 
Weekblad, 1933, SO, 61) For this reason double 
baths were used, the first a salt hathio coagulate 
the viscose and the second an acid bath to 
decompose the xanthate and to regenerate cellu 
lose With gradually increasmg knowledge it 
became possible to compound a bath aatis 
factonly combining eoa^ation and decom 
position The first to do this was JItiller (B P 
10094, 1906) who proposed to use a hath con 
tainmg a high concentration of sodium sulphate 
together with eulphutio acid Low concentia 
tions of sodium sulphate have little effect, but 
when the relahve concentration of sodium sul 
phate to sulphuric acid approaches 1 1 there 
IS a rapid improvement m the strength of the 
filaments produced, with increasing sodium sul 
phate concentration (Bred^e, Ic) Although 
Muller’s invention was a marked advance, the 
coagulating power of sodium sulphate alone is 
scarcely aumcient to harden the filaments so 
that they will not adhere together when they 
are pressed m contact at the giudes and on the 
coUectmg device Consequently yams spun m 
this bath are liable to be hard an j wtiy Cross 
sections of filaments coagulated in this bath, 
when the filaments have had sufficient time to 
harden before coming into contact, are round 
to oval in shape and lack the marked serrations 
chanctenstie of modem vucose rayons spun 
in baths of mater coagulating power (Buager, 
Doud and Sugarman, State Eng Ez^r Sta 
Bull Georgia, 1038, 1, 21 , JSger, Kunstseide, 
1931, 13 325, Bronnert J Soc Dyers and Col 
1922, 38, 153) In spinnmg, the ripeness of 
the vucose, the composition and temperature 
of the coagulating bath, the demer of the fila 
meats, and the time of contact of the filaments 
with the bath are interrelated with one another 
and with the tensile properties of the spun 
filaments Scherer and Hussey have shown 
that there is an optimum set of these condi 
'tions m spinning experiments usmg the Midler 
bath (Ind Eng Chem 1930,22,694, 1031.23, 
297) When the filaments have come into contact 
before they have been sufficiently hardened 
their cro«s sections have a polygonal shape 

Very full data for the solubility of sodiam 
sulphate m the sj'stem HjO — HjSO^ — Na^SO^ 
at temperatures between 0” and 82 5°C aregiven 
by Faust and Esselmann (Z anon; Chem 1926, 
157, 290) 

ilQlIer mentions the use of tme sulphate, but 
the greatly enhanced coagulatmg power of a 
bath containing an alkali sulphate plus a small 
amount of zinc sulphate was first expressed m 
the composition claimed by Couitauld and 
Kapper (BP 400, 1911) The exact con 
centration of rinc sulphate is very important 
since Poznanski (Rayon Text Monthly, 1939, 
20, 601) has shown that the rate of decom 
position of vucose u decreased bj increased line 


concentration This explams why Tomonan 
(Ic) found that increasmg the zinc concentration 
decreased the spmnmg tension Thus con 
centrations of zme sulphate above about 2% 
produce so impermeable a skm on the filaments 
that under normal conditions the xanthate m 
the mtenors of the filaments is incompletely 
decomposed by the acid m the hath However, 
if the spuming conditions are suitably arranged 
BO that decomposition is finally completed, then 
the coagulated but temporarily undecomposed 
filaments are m a condition suitable for stretch 
mg to give improved orientation (B P 467600) 
The Lihenfeld process (B P 274521 , 274690 , 
281351 , 317608) utihsed the plasticising proper 
ties of concentrated mineral acids used as 
coagulatmg baths to enable filaments to be 
highly oriented by stretching, during spinning 
A fipionmg machine such as desenbed in B P 
297618 or 317912 » necessary m order to 
prevent damage to the filaments from lengthy 
contact with the concentrated acid The process 
was worked in England, 1926-30 
In coagulating baths contammg about 1% 
zinc sulphate plus different concentrations of 
sodium sulphate the deviation of the cross 
eeclions of the filaments from circularity, which 
IS beat measured by Hase’s coefficient (J Soc 
Chem Isd Japan. 1932, 35, 367B), is greater 
the higher the concentration of sodium siDnbate 
(Banger, Ic) The deviation from circularity 
of the filaments spun in a given bath is practicaUy 
mdependent of the denier (Okajima, J Cellulose 
Inst Tol^o, 1935, 11, 39} 

Magoesium sulphate when used together with 
an alkah sulphate behaves similarly to zme sul 
phate m increasing the coagulatmg power and 
roduemg filaments with serrated cross sections, 
owever a higher concentration of magnesium 
than of zmo must be used (Verhavc, B P 2486, 
1916) 

In the course of time there has been a tendency 
to 8pm less and less ripe viscose, m order to 
impro%e the quahty of the jam produced 
This has fiemaTidtd haths of increased foagu 
lating power, such as the use of a mixture of 
sodium sulphate, magnesium sulphate and zme 
sulphate (Bergen, B P 21G125) 

With a given filament denier and coagulatmg 
bath a certain time is required for complete 
decomposition of the viscose At a constant 
rate of spinning this time will be proportional 
to the length of immersion in the bath and it 
has been found that the length of immersion 
requited is mversely proportional to the dia 
meters of the filaments (Inoue, J Soc Chem 
Ind Japan 1939,42 18B) 

At one time many works used to collect the 
coagulated rayon yam on bobbms, but largely 
because of the difficulties of drying the yam 
on the bobbins and the need for subsequent 
twisting this method has been discard^ in 
favour of the centrifugal pot method, which was 
mrented by Topham (BP 23157, 1900) In 
this method the yam as it leaves the godet wheel 
: IS allowed to fall vertically into a funnel 
I mounted on an arm which holds it on the axis 
jof the pot The pot, which has the form of a 
i truncated cone of very small angle, rotates at a 
I speed of C-7,000 r p m about a vertical axis 
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The centrifxigal force puUs the yam throngh the 
tip of the funnel and thro'svs it against the^ inner 
trail of the pot, trhereit gradually builds intrards 
a cylindrical layer of yam. In order that the 
yam shall be evenly distributed vertically and 
that the “ cake ’’ of yam trhich is formed shall 
have reasonable mechanical strength, the funnel 
is given a reciprocating motion along the aads of 
the pot, trith a constant velocity and as nearly 
as possible instantaneous reversal at the end of 
each traverse. 

Rotation of the spinning pot not only collects 
the yam but also tvrists it. This impose a 
limitation, since a tnist of about 2f turns per in, 
is usually required, and as the spinning pot 
cannot be run economically at much higher speeds 
than those given above, the yam speed cannot 
be greater than about 60-70 metres per minute. 
This limitation apph'es neither to bobbin spin- 
ning nor to staple-fibre spinning since in neither 
case is the yam tmisted mhilst it is spun. In 
these cases the limitation lies solely in the 
necessity for a snScient time of contact betveen 
the coagulating bath and the filaments for them 
to be completely coagulated. Speeds of 100- 
200 metres per minute are practicable. 

Until quite recently the next operation after 
the cakes had been spun was to reel these into 
hanks and then to wash, desulphurise and 
bleach the yam in hank form. This is still 
done to some extent but not universally as 
formerly. The method which is coming into 
general use is to give the wet treatments to the 
yam in cake form and then to dry and sell the 
yam still in cakes. There are several reasons 
for the change. One is that the yam in hank 
form, containing as it does only about 2J turns 
twist per in., is very fiable to entanglements and 
mechanical damage. This is avoided when the 
processing is done in cake form. Another reason 
is that processing in cake form can be more 
hiahly mechanised and consequently lower 
labour charges are incurred. Against this must 
be set the hiah capital cost of a satisfactory cake- 
treatment plant, and the fact that only perfect 
and perfectly uniform cakes can be processed 
on such a plant. 

The principle of a cake-treatment plant is that 
the cakes are arranged in symmetrical groups 
witb tbe bottom of one cake pressed against the 
top of the next, and arrangements are made to 
seal the ends of each group by plates which 
compress the group of cakes and thus seal the 
joints between contiguous cakes. The various 
wasb liquors are now forced through an aperture 
in one of the plates into the interior cavity 
formed by the hollow centres of the group of 
cakes, file wash liquors then graduaQy per- 
colate through the interstices of the cakes and 
are exuded from the outside. During this 
washing out of the cakes, filaments of the 
vams receive a uniform and thoroush extraction 
(B.P. 361733 ,- 483856; 497239). 

file wasl liquors which are used successively 
are : 

(1) Water to* remove acid and other con- 

stituents of the coagulating bath. 

(2) Sodium sulphide or sulphite solution to 

desulphurise the filaments. 

(3) Water to remove the desulphurising wash. 
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(4) Acid to neutralise alkalinity. 

(5) Water to remove acid wash.. 

(6) A soap or other water-soluble softening 

agent. 

A bleaching treatment -with hypochlorite or 
peroxide may be interposed between 3 and 4. 

After the softening treatment as much water 
as possible is removed by hydroextraction and 
the cakes are then dried mid conditioned to 10% 
moisture content. Drying requires more than a 
week and is a critical operation, for if it is 
hurried the outsides of the cakes will dry before 
the insides, they will attempt to contract against 
the resistance of the swollen iimer lavers and 
will consequently be strained (B.P. 35SS47). 

Viscose and regenerated cellulose rayons in 
general show a much higher moisture adsorption 
at all relative humidities than do native ceUulose 
fibres (Obermiller, Textilber. 1926. 6. 765; Z. 
angew. Chem. 1926, 39, 46 ; Urquart and 
Eckersall, J. Text. Inst. 1932, 23, 163). The 
rayons also show a much greater volume-sweDing 
in water than do the native cellulose fibres 
(Preston, “ Modern Textile Mcroscopy,” Lon- 
don, 1933, p. 40 : Morton. Trans. Faraday Soc. 
1935. 31. 262 ; Hermans and de Leeuw, KoDoid- 
Z. 1937, 81, 300). filhe increase in volume is 
about 100%. over 90% of which is transverse 
sweHiog, only about 5% being lengthways 
swelling. The dimensional changes that occur 
in the firet drying of the newly spun material 
are still greater (Hermans and de Leeuw, l.c.) 
and are responsible for the difficulties in drying 
regenerated ceDulose rayons. 

^e large volume swelling occurring on wetting 
dry viscose and cuprammonium rayons has been 
turned to good use in producing crepe fabrics. 
Yarns with a twist of about 50-60 toms per in. 
are woven into fabrics which are subsequently 
wetted whilst they are free from tension, 
fifiie wet filaments have a diameter about 40% 
greater than in the dry state and the stresses 
set up by this in the tightly twisted yam can 
onlv be relieved by untwisting of the filaments 
or by contraction and tbe formation of snarls 
in the yam. Since the yam cannot nntwist 
becanse of the weave, only the last can operate 
to relieve the stresses and they result in a shrunk 
fabric with a “ pebble ’’ effect on the surface. 
In this connection it is interesting to note that 
such a fabric extends in the direction of the 
crepe yam, when it is dried, becanse of the 
decrease in the diameter of the filaments, but 
the “ pebble ’’ effect remains. 

It is a matter of considerable theoretical and 
practical importance that although the total 
volume sw elling remains approximately con- 
stant, the lengthways swelling is inversdy pro- 
portional to the orientation of the filaments 
produced by stretching during spinning. Com- 
mercial ceUnlose rayons have lengthways swell- 
inss varying from 1 to S^J,. A measurement of 
tMs property is the simplest method of esti- 
matins tte amount of stretching the rayon has 
had during spinning. 

Cellulose Acetate Process. — ^The discovery 
of cellulose acetate is ascribed to Schutzen- 
beiger (Compt. rend. 1865, 61, 485), but under 
the conditions he used it is probable that the 
acetate produced was that of a degradation 
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earned oat with an organic amine such as 
ethylenediamme, since the conversion la then 
done without loss of strength (BP 417220. 
429103) It 13 understood that the Celanese 
strong yam MV is produced in this way This 
yam has a small residual content of acetyl 
groups and swells to a less extent in cellulose 
swelling agents than do other cellulose rayons 
Possibly because of its small swelling m aqueous 
* solutions it has a low afBmty for direct dyestuffs 
However, the dje afBmty can be improved by 
pre treatment with dilute caustic soda solution 
(BP 601768) 

Smee most of the hjdroxy groups in cellulose 
have been converted into ester groups in cellu 
lose acetate, it is perhaps not surprising that the 
dyestuffs which had been devised for cellulose 
and protein fibres were useless for acetate rayon 
Thus m 1920 when the problem of producing 
satisfactory acetate rayon had been solved, 
there still remamed the problem of dyeing it 
The first solution was not in fact a solution at all 
but merely a way of meetmg the difficulty It 
was done by regenerating a skm ' of ceUnlose 
(Preston, Rajon Record, 1930, 4 651) on the 
surface of the filaments, by partially saponifying 
them with a hot dilute alkah solution (B P 
20672. 1030, 169741) Partial saponification 
enables acetate rayon to be dyed with any 
cellulose dyestuff, but 10-30% saponification is 
required, which of necessity entails a consider 
able loss of weight and some loss of strength 
method is now used principally for obtaining 
good whites in discharge prints A large range 
of special acetate rayon dyestuffs have since 
been developed 

Green ana Saunders of Bntisb Dyes brought 
out the first special acetate dyestuffs, the 
lonamtnes, m 1022 (B P 197809) This m 
vention was followed by others in which water 
insoluble dyestuffs were dispersed with emulsify 
ing agents like sulphonated neinoleio acid the 
initial letters of which, S B A , have been used as 
the name for one group of these dyestuffs 
Jivugiht jutf Jjv Jill? jind Ahe Jlcdisb 
Companj in 1923 (B P 219349) The '‘Duntwl' 
colours, which were also dispersed insolnble 
dyestuffs, were brought out by B D C in 1923 
These dyestuffs lacked the water sotubdisuig 
groups (e g sulphomc acid groups) which are 
present in water soluble dyestuffs and which 
were believed to prevent djeing on ceQulose 
acetate 

Kartaseboff (Helv Chim Act 1935, 8 938) 
has shown that the dyemg of acetate rayon with 
dispersed dyestuffs consists first in an aggre 
gation of dyestuff particles on the fibre aurface 
followed by the sohd solution of the particles 
In the fibres Recently a new class of acetate 
dvestuffs has appeared which have their hydro 
phihe groups at tho ends of side chams attached 
to the dyestuff molecules (B P 435S07 , 437616 , 
37745, 431614) (c Acetate Silk Dtzs, 

poI I, 39, and DTEUfO, ^ol IV, 137) 

Alginate Fibres. — Algimc acid (jr) is a 
inear high polymer closely related to cellulose 
n constitution The chief difference between 
hem is that the primary alcohol group of each 
rC atom in cellulose is replaced by a carboxylic 
icid group in algimc acid (Hirst and coUabota 


tors, JCS 1939, 1880) Like cellulose, algimo 
acid can be formed into fibres, but the intnnsic 
diffi cult lea of forming fibres from these two sub 
stances are reversed With cellulose the diffi 
cnlty IS to disperse it m a hquid state before 
extrusion, whilst with algmic acid the difficulty 
is to prevent the spun fibres from dispersing m 
alkaline solutions 

Sodium carbonate or hydroxide solutions will 
disperse algimc acid with the production of 
viscons solutions which can be spun into fibres 
by bvtriision into dilute sulphuric acid (Kring 
stad and Lunde, KoUoid Z 1938, 83, 202) 
Fibres of the free acid are unsatisfactory smee 
they are so easily dispersed, however some im 
prorement can bo made by converting the aad 
fibres into calcium algmate fibres by a treatment 
with calcium chloride solution (B P 416042 , 
492264) 

Calcium and alumimum algmate fibres show 
excellent anti crease properties and, m addition, 
because of their high mineral content, are non 
inflammable They behave on ignition similarly 
to weighted silk The strength of these fibres 
is not as good as that of first quality viscose 
and they show a similar loss of strength on 
wetting Calcium, aluminium and some other 
•metaUic alginates although insoluble in water 
suffer from the disadvantage that they wiU not 
stand alkaline washing, due to base exchange 
t^ng place with the formation of the solume 
sodium alginate , chromium alginate, however, 
appears to be free from this disadvantage 

AJguuc and is prepared from kelp by alkaline 
extraction and is an article of commerce smee 
It bas other uses besides that mentioned here 
It can obtamed in the pure form under the 
name of' MameoV from Albright and Wilson, 
Ltd Apart from the use of purified algimc 
and, certain processes of Japanese ongm indicate 
that it IS not necessary to separate and purify tho 
algimc acid before forming into fibres, but merely 
to dispeise and spin various kinds of alg® 
(BP 417222. 420857, FP 82C39I) It seems 
oinld^.a^' AhcA JUiw .thinwd .ir Ahi^ .vie/’ ^afi^ J»* 
wluto and transparent without extensive after 
treatment 

Alginate fibres have valuable potentiahties in 
Britain as the raw material is available m large 
quantities on the Scottish coast Furthermore 
the process of manufacture appears to be simpler 
than any so far proposed for other artificial 
fibres 

Synthetic Fibres — It is only within tie 
last few years that molecules of fibre forming 
substances have been recognised as hnear 
polymers of high molecular weight Many 
problems of fibre stnicture remain unsolved 
but the general form of fibre molecules has 
been estabhshed by a great deal of expen 
mental work Much of this work, and m fact 
alloftfaeearherwork consisted of investigations 
of natural fibres and fibre forming enbstanees 
The theory of the structure of the macro 
molecules of natural fibrous substances as hnear 
polymers of high molecuftr weight was arrived 
at by a combmation of chemical investigations 
of their degradation products and the appli 
cation of the methods of \ ray crystallography 
to the fibres themselves Other methods of 
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investi^tioa. hsTC plared an important tfconsfc 
snbadiary part. 


In tte last 13 vears a nnniber of attempts 
have tjoen made to prodnce fibre-forming sab- 
stances of syntberic linear polymets. One of 
the earliest attempts in this direction ttEs tie 
prodnction of polvoiymetliyleaes by Staudinger. 
•Joiner, Sinner, et aL (Z. pbysikaL Cbem. 1927. 
12S. 425). They ttere able to prodnce polvmexs 
estimated to contain more than 50 stmctural 
cnits and vMcb altboagh not capable of formrnn 
fibres in the textile sense, did give fibroas stmc- 
ttrres. This was an interesting achievement 
since it was a deliberate attempt to synthesise 
a Sbre-formin" snbstance. bnt the idea was not 
noveL Already in 1913 an isolated patent had 
been taken out claiminn the prodnction of fibres 
Som solntions of polvmeiised vinvl ester (G.P. 
2S1S77, a. 39b). 

Since the prodnction of polyosymethylene. 
Standinner and his collaborators have prodnced 
many other linear polymers, for example polv- 
styrene and polyaciylic acid. An accomt of 
this work np to 1932 is collected in Standinner's 

Die Hoshmolekalaren Ornanischen Verbin- 
dtmnen."’ Berlin. 1932. In addition nnmerons 
other papers by the same worker have appeared 
since that date. 

3Inch valuable work on the synthesis and 
properties of linear polymers has been done in 
the laboratories of da Pont de Yemonrs and Co. 
in the United States and a large number of 
papers Som these laboratories have appeared 
in the J. Amer. Chem. Soc. frvm 1929 onwards 
by Carothers and his collaborators. 

Tn 1932 Carothes and Hit! claimed to be the 
first to have prodnced ‘‘ strong, pliable, trans- 
parent, permanently oriented fibres which 
“ sinrnlate naroral silk." fiom strictly syn- 
thetie material " {-J. Amer. Chem. Soc. 1932, 
54, 1579). In the same group of papers of 
which rbfi: is one, these authors describe the 
prodnction of saperpolymers which are 
defined as lrn°gr polymers having molecolar 
weights above 10.000. They state that to 
obtain a nsefnl decree of strength and pliability 
in a fibre requires a molecular weight of at least 
12.000 and a molecular length of not les than 
l,CO0i, altfaongh somewhat lower values would 
he valid for polyamide probably because of 
their strong polar groups. The prodnction of 
Eupemolyesters. mixed supermolyamides and j 
snperpolyesteis- and snperpolyanhydrides is 
described, and all these are stated to produce 
fibres of very satisfactory quality. In fact curves 
are given to show that superpolyesrers yield 
fibres after stretching and orienting that rival 
sfikinelasticitv. Unfortunately snperpolyesters 
Euner fiom the defects of low meltmg-points and 
consfderahle soluhilitfgs in organic solvents. 
Superpolyanhydrides have the defect of hy- 
drolvsiug on standing in the atmosphere, so that 
superpolyamides and mixtures of these appea r to 
be the only ones of these superpolymers firee from 
defects (ibid. 1932. 54. 1559, 1566. 1589. 1579). 

T.^p?,- tKjIymers are of two types. The first 
is formed from the monomer iw simple additiou- 
Thp second is produced from the monomer by 
the elimination of simple molecules (H.O, HCl, 

N aCI, N H J, etc.). lu the latter ty^ the mole- 


cnlar formula of the monomer difiers from that 
of the structural unit of the polymer. Thi- type 
might also be termed polyintemolecnlar con- 
densation and requires at least two fimctional 
groups to he pr^ent in each monomer molecule, 
e,p. hydroxy acids might lead to polyesters and 
amino acids to polyamides. Whether or not a 
linear polymer of the second type wTH he formed 
depends on whether the reaction is intermole- 
cnlar or intramolecular. If the latter a simple 
monomelic ring wfil be formed, bnt if the former 
either a polymeric ring or a polymeric chain will 
be formed. Strncturai and stereochemical factors 
win nsnaHy be of the most importance in de- 
ciding whether the reaction will be intermole- 
cular or intramolecular. That is the reaction 
wfil be chieSy controlled by the nature of the 
reacting molecnles and to a less extent by the 
conditionsof thereaction. Generally if a 5- or 6- 
membered ring can be formed the reaction will 
be intram olecnlar, bnt if a 7- or higher-membered 
I ring would result, then the reaction is inter- 
molecular with the formation of a linear polymer 
(Carothers. ibid. 1929, 51, 254S). 

An X-ray study of the Eupeipolyesters of the 
ethylene sehacate type shows that these possess 
a TTnfavip.1 form of crystallite orientation. Clear 
fibre patterns were obtained fixim which the 
calcnlated fibre period did not agree with the 
fibre spacing derived from the chemical formnla 
on the basis of a planar modeL T his is ascribed 
to the attractive forces between the ester gronps, 
and non-planar models are given which agree 
with the experimental results (Fuller and Erick- 
son, ibid. 1937, 59, 344). Examination of simil a r 
polyesters Storks using an electron di&action 
method co ufi-r ms the fibre periods found bv the 
X-ray method (ibid, 193S, 60, 1753). 

The molecular size distribution which has 
received some attention in the case of cellulose, 
as has been mentioned under viscose, has been 
investigated by Flory, who has given a theo- 
retical discussion for superpolvesters (ibid. 1936, 
58. 1S77). 

Following on the extensive research work 
done in their laboratories, which has been briefly 
ontlined above, dn Pont de Xeruours and Co. 
have protected the mannfacture of synthetic 
snperpolvmer fibres by a series of patents fium 
1931 onwards. In UlST’. 20712.50 the super- 
poiyethers. & uper polyesters, snpeipolyamides, 
superpolyanhydrides and superpolyacetals, the 
molecular vragbts of which exceed 10,000 are 
claimed to give strong pliable fibres. These 
fibres give X-ray patterns indicating orientation 
naiaHsI to the direction of stretchi n g. The 
superpolymers are prodnced by heating the 
necessarv reactants to a temperature of loO— 

1 30(PC. in a molecular still at very low pressures. 

' Tn addition detailed claims are made for a 
nunfcer of superpolyamides made either firom 
c>-aminocarhoxylic adds (BiP. 461236) or from 
diamines and dicarlxjxylic acids (BiP. 461237). 
or from previonsly formed salts of diamines and 
dicarboxyKc adds (B.P. 474999). or from 
diamines and dicarboxylic acids one of which 
contains an O or S atom in the chain connecting 
the reactive groups (BJP. 487734). These are 
stated to give fibres either from melts or from 
solutions in solvents such as phenol. The 
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process of polymensation is facilitated by the £3% of to polymer, which after filtenng is dry 
addition of about 30?(, water which is removed apw by a process similar to that Ti«ed for ceDn 
m the final stages (B P 50C125) lose acetate Though similar there are «ome 

Probably for the reasons that Carothera and differences between the processes Thus the 
Hill rmsed superpolyesters with superpoly Iinyon filaments are collected on the bobhm 
amides a non polymerising amide forming sab- without twist, where they are allowed to remain 
stance can be added to the diamine-dicarboiybc for some hours before being wet twisted on a 
acidmirturo(B I* ^95790} andgenerallymeltmg duplex nng twister with 6 tums/in The need 
pomt depressors of non polymeric type may be for wetting during this and other subsequent 
added {B P 601627) processes is because of tbe low moisture content 

The cold-drawing reported by Carothera and and consequent great electrical resistance and 
TTill to give greatly improved properties to difticulty with static electrification The twisted 
superpolymer fibres is claimed to bo most effec yam is stretched about 140^o improve its 
live when the fibres are wet (B P 491111) and a strength and is then “set" by immersion in 
further improvement is effected if the super water for 2-3 hours at 65®C (Text, World 1939, 
polyamides after extrusion sire first rapidly 89, Ro S, p 64) The mechanism of vinyl polv 
chilled before cold drawmg (BP 601197) A merisstions has been discussed by Flory (J 
vanation of the final treatment of the fibres Amer Chem Soc. 1937, 59, 241), and the strue- 
after extrusion in which tbe fibres are cold tore by Varvel and Levesque (ibid I03S, 60, 
drawn while wet with a mild swelling agent, 2S0) and by many other workers 
and then enmped by mechanical means or by Up to now polyamide and polyvinyl chloride 
drymg in a relaxed condition gives wool like fibres are the only synthetic fibres with satis 
fibres that can be cut into suitable staple factory tensile properties that have been pro- 
lengths (B P 614S21} Treatment with steam duced, but there is no reason to 6uppo«e that this 
can te used to set the form of the fibres (B P stale of affairs will persist. Apart from there 
604344) Synthetic superpolyanude fibres made two pol3mier3 many others have been u«ed for 
by the above processes were put on the American making fibres with more or less success Thus 
market m December, 1939, under the name of polyethylene (B P 472061 , 511054) and poly 
“nylon" which du Pont de hemours & Co styrene (BP 47S333) have been niotectM as 
propose as a geneno name and cot a trade name fibre forming substances Staudinger and 
It IS not dear &om the statements available if Stanley have described tbe wet spinning of 
the name is intended merely to describe super Mlystytene fibres Such fibres, although quite 
polvamide fibres or whether it is to indude aQ flexible at higher temperatures, are unfor 
superpolymers If the latter it would by tunstely brittle at normal room temperatures. 
Carothers s defimtion include cellulose and thus They have the low strength and extensibihty of 
overlap the recent Amencsn definition of rayon only 0 72 g /den and 6% respectively (Chem 
given at the beginmng of this artide and Ind 193S, 67, 14) 

Nylon production in the United States is Tbe properties of nylon, P C fibre and 
expected to be 4 6 milLon lb in 1940 (Text. \ inyon axe generally excellent, but there is one 
World, 1940, 90 No 1, p 52) A description of property m which they are inferior, even to 
the dyeiog properties of nvlon has been given ceUulore acetate ravon and much more so to 
by l\hito (J Soc Dyers and Col 1939 65, 409) cellulose rayons and natural fibres, that is m 
(r Ditivo ^ol I\,126a) respect of their moisture absorption The 

•\part from nylon no other polymers of the reason is the complete absenw of hydiophihe 
TifienudiWilisft witiieiKirie ** 71*5 'nive Veen nire^i groups m touib rases ani in diner cases Vne 
for fibre production, but numerous polymers of comparatively small number of these groups m 
the type produced bv simple addition at double the synthetic polymers in comparison with 
bonds have been proposed for making artifiaal ceDulorei, fibrom and keratin. The importance 
fibres \n early patent on polyvinyl esters has of the bvgrosropicity of wool fibres nred m 
alresdy been referred to, but it was not until clothing has bera indicated recently (Cassie, 
1939 that polwinvl fibres were produced com J Text, Inst 1940,81, T17) (r Fibres, 4^hisl, 
merciallv In that > ear the 1 G I arbemndustne Wool, t^» Vol , p 107c) 
exhibited polwinvl chloride fibre materials at 

the Leipug Spring Fair, under the name of Covm.rous PaoDrenov or Ratox 
•‘PC Jibn," w hils t in June, 1939, the Carbide Nowadays rayon ready for immediate u«e is 
and (ZiMbon Chemicals Corp began supplying a produced by the acetate process without any 
co-poJymer of vinyl chlonde and vinyl acetate interruption betwren the extrusion of tbe fils' 
under the name of “ 1 myon. ’ Thel O Farben ments'and the collection of the twisted yam 
indnstne patents cover the addition of vmnous 51ost other processes are diseontinuons The 
substances to the polynnyl chloride whidi may normal viscose and cuprammonmm processes are 
or may not bo removed from the final product earned out in a senes of steps m which theyam is 
Both thermoplastic extrusion and extrusion of a extruded in the first step, washed m the second 
solution in some such solvent as methylene anddnedm the third. The reason for the differ 
chlonde are ii*ed (BP 473G16, 4%233, ence between the acetate process and the viscore 

*0>v51) and cuprammonium processes is obvious, after 

The process of the Carbide and Carbon even a superficial consideration of the sequences 
(3iemic^ Corp, (U.S P 216176G) ures a co- of operations involved Tbe acetate process is 
polvmer of via\l chlonde and vinyl acetate entimv dry, whilst the vueose and cupram 
contamiDS S6-90®o of the chlonde This is taonium processes reqmre a sequence of wet 
dispersed in acetone to give a dope containing treatments. \et the fset remains that trans- 
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parent film? sre made by continuous viscose 
and cnprairtmoimim processes, so tlist there is 
no fimdaniental diScnltv in the Tvar of con- 
tinnons-rayon yam prodnction by vret processes, 
provided a number of difficulties c^u be over- 
come. The chief of these is the necessitv of 
giving a sufficient length of time for each’ vret 
treatment, and this necessitates the accommo- 
dation of some 30 metres of yam in each wet 
process vrithout occupying an excessive floor 
space. 

The earliest attempt to wet-spin yam con- 
tinuously was Lehner’s process (Swiss P. 49S4, 
CL 19) which was devised in the last decade of 
the last century, for the wet-spinning, deni- 
trating and twisting of rayon product by a 
nitrate process. The twisting device nsed was 
an Old in ary cotton type flyer fr am e 

In a later patent conthiuons production by 
either the viscose or cnprammonium processes 
was claimed to give improved yams (B.P. 16195, 
1907), drying being accelerate by first heating 
in the presence of steam (B.P.' 20630, 1S99) 
though it is not clear how the difficulty of the 
length of treatment was to be overcome. The 
first practical mlution of this difficulty was 
proposed by Eck (G-P. 300254, GL 29a). In his 
machine the fireshly spun yam was carried round 
two sets of driven rollsrs arranged on two parallel 
axes one above the other. £i its passage the 
yam was displaced step-wise along these roflers 
whilst at the same time passing through the 
required sequence of baths. Finally the yam 
was dried and collected. The arrangement was 
reasonably compact, bnt it may be surmised 
that it was a very difficult operation to lead the 
yam round the rollers when starting the spin- 
ning. Another machine for the same purpose 
was described by Denis in 1920 (B.P. 125394), 
but Eck’s machine was the more practical 
though it does not appear to have been used 
on s commercial scale (cf. “ Staple Fibres,” 
narf cciiimn). 

The Furness machine, B.P. 37S467, was a great | 
advance on any of the earlier continnous spin- 
ning machines. It contained a mechanism for 
automaticafly displacing toms of yam along a 
rotating cage and it appears to be the prototype 
of the machines which have found large-scale 
apph'cation and are described below. 

Recently the Industrial Rayon Corporation of 
America have put into operation a satisfactory 
continuous-spinning process for viscose. Pro- 
duction is 240 million lb. a year and a saving 
of ILd. per lb. is claimed. The total processing 
time from the extrusion to the dry twisting of 
the yam instead of requiring several days is 
completed in 44 minutes, (Jentcen. Konstseide, 
1939, 21, 327,’ 374 Text. World, 1939, S9, 
No. 10. p. S6). The difficulty of providing suffi- 
cient length of treatment in a compact space 
has been solved by a special form of bobbin 
consisting of two sets of interlaced bars. As the 
bobbin rotates the sets of bars move in relation 
to one another in such a way that the mrn 
wound ronnd the bobbin is progressively dis- 
placed from one end of the bobbin to the other 
(B.P. 4I34I3; 413414). In tliis way successive 
windings of yam never overlap and about 70 
turns of yam are slowly travelling along each 


bobbin, being wound on at one end and led off at 
the oAer. The length of the bobbin is 7-8 in. 
and the diameter 5-6 in. so that there are abont 
100 ft. of yam on each bobbin, and assuming 
the spinning speed to be normal, the yam will 
be held on the bobbin for about 30 seconds. 
This is found to be sufficient for the successive 
wet treatments and for the final dryms. The 
yam travels downwards from bobbin to’bobbin 
for each successive treatment and all the bobbins 
are compactly arranged and easily accessible. 
The yam is finally tw&ted and collected on a cap- 
spinning device as in acetate spinnin'^ {B.P. 
474973 ; 474974 ; 475023). 

Staple Fibres. — ^Because of the preoccupation 
of the early rayon producers with the problem 
of making a snhstitate for silk it is not surprising 
that in the early days of the industry scant 
attention was given to the production of staple 
fibres. One of the difficulties was the economic 
one, that staple-fibre rayon would have to com- 
pete with wool and cotton and consequently 
would have to sell at a much lower price per Ib. 
than continuous filament rayon which was in 
competition with sflk only. Another difficulty 
was that, in the early days at least, rayon was 
used mainly for fabrics not subjected to hard 
wear whereas staple-fibre rayon as a cotton and 
wool snhstitnte, would be expected to be much 
stronger. It was only when improvements in 
techriique which minimised these difficulties, 
combined with the necessity of Germany to 
replace imports of wool and cotton stopped by 
the blochade, that large-scale production of 
rayon staple-fibre began in Germany during the 
i war (19lX-lS). The earh'est rayon staple-fibre 
t patent had been obtained a few years before 
' 1914 by PeHerin who realised that production 
[ could be cheapened since uniformity was not of 
I the same importance as in continuous-filament 
production (B.P. 7748, 1910). 

Obviously any continnous-filament rayon can 
be converted into staple fibre by the mere act 
of cutting it into short- lengths. In the early 
prodncrions fhi- method was nsed for viscose 
and cuprammonium staple-fibre although, unless 
it was’a matter of disposing of waste rayon, 
much thicker strands of filaments were span in 
staple-fibre processes so that a great number of 
fibres could be produced at each cut. These 
thick strands were produced by combining the 
bundles of filaments from a number of multi- 
hole spinnerets (B.P. 7562, 1913; 163312). 

This was the first step in the direction of cheapcn- 
rnt'the process by the introduction of mass pro- 
dmtion methods’. The next step was obviously 
to convert the normal discontinuous viscose and 
cuprammonium processes into continuous pro- 
cesses. This has been discussed in relation to 
continnous filament rayon in the last section. 
The difficulties in respect of staple-fib.re pro- 
duction are similar though not so great since 
breaking or damaging a small proportion of the 
filaments is unimportant. The earlier apparatus 
was similar to that used for continuous-filament 
ravon, that is the strand of filaments was 
■trash'll, bleached and dried whiLs; passing round 
a series of drams (B.P. 256093; Pr.P. C250-!9;. 

It was then cut into staple length-s. Produrt-i 
in this way the fibres were too straight for satis- 
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factory spinning on cotton or ■wool znachmeiy, 
and methods have had to be devised to give the 
fibres a crimp or curl Durmg recent years 
many methods have been proposed for this 
purpose One method was to run the fibres 
through a nip between pairs of fluted rollers 
before cuttmg them (B P 291120) Themethod 
adopted now is to cut the fibres at some stage 
durmg the wet processmg and to allow the 
various liquid treatments (and the drymg with 
out tension) to distort the fibres and produce as 
much curliness as possible whilst they are carried 
along a travellmg band In addition various 
devices have been suggested m order to in 
tensify this, such as Btretchmg the filaments 
before cuttmg (B P 499671) or by cuttmg 
coagulated but not decomposed filaments (B P 
509572) m order to increase their coi^raction 
after cuttmg Numerous cuttmg machmes 
have been devised, some of which meinde 
arrangements for crimpmg the fibres at the 
time of cuttmg (B P 498184, 501299, 504792. 
507289. 507406 508228 611867) 

Another way in which staple fibre production 
has been improved is in using high speeds of 
spinnmg smee the limitation imposed by the 
spinning pot or other tmstmg device u^ in 
contmuous filament production does not apply 
Electrical Spinning — Except for the; 
earliest processes mentioned all those that have j 
been described so far have used spmnmg machmes I 
in which the fibre formmg substance baa been 1 
extruded through spinnerets and collected by; 
mechanical means Up to now this has been the ' 
only method which has been successful com 
mercially, but it is not the only method avail 
able Another method is electneal spinnmg 
In 1900 Cooley desenbed a method of formug 
filaments by extrudmg a stream of apuuung 
solution (though the method should apply 
equally to a melt) into a high tension electric 
field, whereby the stream breaks up mto fila 
ments which harden by evaporation of the sol 
vent and are later collected (B P 6385, 1900) 
Recently other electrical spinning processes 
have b^n desenbed (U S P 2048651 , B P 
492966, 614736) These processes aro most 
suitable for use with non aqueous solutions and 
it 13 possible that some such process may be 
used for largo scale staple fibre production if 
certam inherent difficulties can be overcome 

JIoDincATioN or Properties 
In the earl^ days the high lustre of rayon was 
an advantage, but later it was found desirable to 
modify this in order to produce novelty yams 
and } ams with a softer and more silk like lustre 
Other modifications also have become desirable 
for special purposes, such as modification of the 
dyeing properties or even of producing coloured 
jams These modifications have been achieved 
in practice bj incorporating various solid and 
Lquid substances m the spmmng solution before 
extrusion As far as the general spiniung pro 
cesses are concerned it is immaterial if these 
additions are dissolved or dupereed m the 
spinning solution, alwaj-s providwi in the latter 
alternative that the particles are sufficiently fine 
The particle sue usually found satisfactory hes 
m range 0 I-l 


The earliest modification proposed was that 
contamed m Wagner’s GP 137265 of 1901 
Ba this it was proposed to add various in 
descent fine powders to cellulose nitrate solu 
tions before extrusion in order to produce 
opaque filaments ' 

Very many substances have been suggested as 
additions to spimimg solutions m order to reduce 
the lustre of the spun filaments Of these the 
most important have been petroleum jelly as an 
addition to viscose (Courtaulds, B P 273386) 
which gives a moderate reduction of lustre, and 
titanium dioxide (Smgmaster, B P 339603 , 
342743) which may be added to any spinning 
solution and gives a perfectly mat or chalky 
appearance even if present to the extent of only 
about 3% 

More particularly m the case of staple fibre 
it has become necessary to confer the property 
of dyeing with acid dyestuffs upon cellulose 
rayons m order that these will dye a solid or 
approximately solid shade when admixed with 
wool This has been earned out by adding 
various nitrogenous substances to viscose and 
cuprammonmm solutions before spmmng Many 
substances such as natural proteins, and syn 
thetic resms containmg free ammo groups have 
been used (FrP 840773, BP 601603, 601611, 
609852) 

Rayons containing pigments and dyestuffs 
are spun but the range of shades available is 
veiy banted 

General Pboeerties of Rayons 
Ftnt Structure — Rayons, in common with the 
natural fibres, consist of linear polymers of 
b^;h molecular weight They are long cham 
compounds m which the cham umt is repeated 
many hundreds of times The textile quabties 
of the fibres are governed mamly by the cha 
racter and arrangement of these chains Con 
eidenng the chains m more detail, the important 
factors are— (1) The chemical nature of the 
chain umt, which controls such properties as 
moisture adsorption, solubibty and melting 
pomt, (2) the number of units in the chain, 
often termed the degree of polymerisation or 
inversely the degree of degradation, which con- 
trob strength and llexibibty and also modifies 
the solubibty and melting point, (3) the cross 
bnka between the chains and the distance be 
tween the chains, which control the solubibty, 
the extensibibty and the elasticity (Mark, 
Nature, 1938, 142, 037), (4) the arrangement 
(or onentation) of the ebams m relation to one 
another, which has a marked influence on the 
tensile properties and the amsotropy (Hermans 
and collaborators, KoUoid Z 1937, 81, 143, 300 , 
1938.82,59, 1938,83.71) 

The effect of the chemical nature of the chain 
1 umt can be best seen by considenng the different 
rayons As a first example the difference be 
tween the properties of the hydroxyl groups of 
■ cellulose and the ester groups of cellulose acetate 
IS reflected in the higher moisture adsorption of 
: the former, and the fact that only the latter is 
I soluble in organic solvents such as acetone, 

I chloroform, methjleno chloride and acetic acid 
I Agam the different properties of the hydroxyl 
land acetyl groups m the degree of their as- 
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sociative forces are shown for instance in the fact 
that ceUnlose acetate will melt whereas cellulose 
wiF not. As other examples the amino- and 
unino-groups of casein and superpolyamide 
fibres (nylon) confer the ability to dye with acid 
dyestuffs, whilst the considerable proportion of 
hydrocarbon chain in the polyamide molecide 
gives it a very low moisture absorption and 
allows it to melt without decomposition. 
Similarly the absence of hydrophilic groups in 
polyvinyl chloride fibres (Yinyon, P. C. fibre) 
confers a negligible moisture absorption. 

Irrespective of whether it is a matter of 
depolymerising a highly polymerised natural 
substance like cellulose or casein, or of poly- 
merising a small molecule like styrene or vinyl 
chloride, the chain length or degree of poly- 
merisation is a decisive factor firstly in deciding 
the possibility of fibre formation and secondly 
in influencing the properties of the fibres formei 
In the case of polystyrene Staudinger (“ Die 
Hochmoleknlaren organischen Yerbindtmgen,” 
Berlin, 1932, p. 1S6) states that a degree of 
polymerisation of 1,200 is needed before fibres 
can be produced from the polymer. Similarly 
with the polyesters of <a-hydroxydecanoic acid 
Carothers and Van Xatta (j. Amer. Chem. Soc. 
1933, 55, 4714:) state that only very short and 
weak fibres can be produced with a degree of 
polymerisation of 33, a degree of polymerisation 
of 100 being required for easy spinning of fila- 
ments with a fair strenrrth (c/.* Svnthetic Fibres, 
p. 124d). 

For obvious reasons most interest up tUl now 
has centred round cellulose, and this shows 
relations between the degree of polymerisation 
on the one hand and spirmability and strength 
on the other similar to those of the synthetic 
polymers. According to Staudinger and Reinecke 
(Kunstseide, 1939, 20, 281) with a degree of poly- 
merisation below 200 the tensile properties are 
very bad, from 300 up to 800 there is a steady 
improvement in these properties, but beyond 
1,000 there is only a negligible further improve- 
ment. As the viscosity of cellidose solutions 
increases progressively more rapidly the higher 
the polymerisation, the highest usable viscosity 
sets a limit to the highest degree of polymerisa- 
tion of the cellulose that can be used. This lies 
somewhere about 800 at present. 

From Staudinger and Reinecke ‘s data native 
cellulose fibres have a degree of polymerisation 
of 3,000 and modem wood pulps of 800 to 1,000. 
The regenerated cellulose rayons generally have 
lower values. Amongst rayons those made from 
cellulose nitrate had the lowest values for the 
polymerisation, which was between 115 and 200, 
normal viscose rayons have somewhat higher 
values of about 300, cuprammonium rayons 
have higher values again of about 550, whilst 
specially strong modem viscose staple fibres 
have the highest values of up to 800. 

The idea of reducing the solubih'tj' in water 
and aqueous solutions of artificial protein fibres 
and simultaueously of imi)roving their mechani- 
cal properties by introducing cross-linkages with 
formaldehyde is contained in Millar's, • Toden- 
haupt’s and Ferretti's processes ’ (r/. Protein 
Fibres, p. 115). A similar apph'cation of form- 
.aldehyde treatments to cellulose rayons w.as 
' on. V. — 9 


made by Strehlenert (B.P. 22540, 1896) and 
Eschalier (B.P. 25647, 1906), the latter’s process 
being known as “ sthenosing.’’ More recently 
cross-links formed by formaldehyde-urea con- 
densations and by the condensation of other 
substances in cellulose rayons, have been used 
to obtain “ anti-crease ” effects (Elod and 
Etzkom, Angew. Chem. 1938, 51, 45). Cellulose 
fibres treated with resins in this way have 
reduced moisture adsorptions and resist solution 
in cellulose solvents such as strong sulphuric 
acid and cuprammonium hydroxide. 

When fibres or fibre-forming materials are 
stretched, whilst the materials are plastic due to 
swelling or heating, the chain polymers are 
oriented parallel to the direction of stretching. 
When the plasticising influence is removed the 
chains set in their new configiuation. The 
stmeture has increased strength and decreased 
extensibility in the direction in which the stretch 
was applied. Stretching during or after spin- 
ning is applied to all rayons with the object of 
improving their strengths. 

A number of theoretical and' experimental 
investigations have been made of the problems 
of stretching fibrous materials in general and 
cellulose fibres in particular (Hermans and 
collaborators, l.c. ; Jvratkv and collaborators, 
Kolloid-Z. 1937, 80, 139;' 1938, 84, 149, 268). 
Although the theoretical and experimental 
curves relating stretching to the anisotropy of 
swelling follow somewhat divergent courses, 
the maximum possible stretch is fotmd to be 
about 1:2m each case. This applies to swollen 
gels measured in the swollen state. If, however, 
the unstretched and maximum stretched fibres 
are dried, the ratio of length is then 1 : 4, since 
the unstretched fibres contract on drjring much 
more than the stretched fibres. The former 
authors give curves showing the marked in- 
crease of strength of cellulose fibres as a randomlj- 
oriented fibre is stretched into one which is 
completely or nearly completely oriented parallel 
to the direction of stretch. Data on the effect 
of stretching the new polyvinyl-chloride rayon, 
vinyon, show that a 200% stretch give.s an 
increase of wet strength from 0-S to 3-2 g./den., 
whilst the wet extensibilitv- decreases from 110% 
to 10% (Text. World, 1939, 89, Nf . 7, p. 55). 

It has been possible to measure the ani- 
sotropv of the tensile properties of stretched 
cellulose films (Mark. “ Physik und Chemic dcr 
Cellulose,” Berlin, 1932, p.*53), but no data are 
available for fibres because of the difficulty of 
makine such measurements in any other direc- 
tion tfan that of the fibre axis. In the c.i.se of 
cellulose fibres the anisotropy has been investi- 
gated and many other properties related to the 
orientation of the cellulose chains produced by 
stretchihu. and a number of relationships have 
been found. The most important anisotropic 
properties are : the anisotropy of swelling 
(Hermans and collaborators, /.<-.) ; the refractive 
indices (Pre-ton. Trans. Farad.ay Soc. 1933, 29. 
65) : the dichroism of d_vod fibres (Preston, 
J. Soc. Dyers and Col. 1931. 47, 312); the 
polarised fluorescence of dyed fibres (Morcry 
” Report to the Textile Foundation.” U.S.A. 
1933; Tc.xt. Re.-earch. 1933, 3. 325; 193-5. 4. 
491 ; 1935, 5, 105, 4S.35. 
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rupture is approximately constant as vrill be 
for example from the values eiven bv Rose 
[ih'A. 1939, 30. 202). The eSect of the degree 
of polymerisation on the rrork of rupture u-fll 
also be seen from Rose's values for the speciallv 
strong '■ fenasco ’’ rayons compared rrith 
normal ravon. 

The_ breaMng strength wet relative to the 
breaking strength dry is another function of the 
degree of polymeri.=ation. The Ies= the cellulose 
is polymerised the greater is the loss of strength 
on vretting. The degree of polymerisation of 
cellulose rayons made by different processes is 
indicated by their fluidities in cuprammonium 
hydroxide solution, where the greater the 
fluidity, the less is the polymerisation. Mean 
values from the fluidity data for various rayons 
given by Ridge. Parsons and Comer [ibid. 1931, 

22. T117) together with mean values for the 
relative wet strengths of similar rayons taken 
(i) from King and .Johnson fJ, Soc. Dyeis and 
CoL I92S, 44. 346). (ii) from Ridge and Bowden (J. 

Text. Inst. 1932. 23. T319). and (iii) from Lilien- 
feld (B.P. 323T31), together with values for 
the degree of polymerisation given by Staudinger 
and Eeinetke [l.c.) are tabniated below. 
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Xiljtinfiilcf viscose - / 

1 

— 

Cuprammoaiom . 

4-6 1 

500 

^formal viscose . i 

10-5 1 

300 

Xitrafe , . . . ‘ 

16-7 ! 

200 


: 54% (i), 60% 

I (ii). 

50% fl), 45- 
, 50% (ii). 


1522 


1927 

1932 

1937 


1-50 


1- 90 

2 - 0 
2-0 


19 


23 

33 


42 

50 

50 


Suvem, “Kunst- 
licbe Seide,” 
2nd ed., Berlin, 
p. 223. 

©reaper, J.S.CJ. 
1909, 28, 1297. 
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of Eayon and 
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193S. 
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do. 
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Ridge and Bowden (l.c.) have' shown that 
increasing degradation of the cellulose of cupram- 
monium and of lah'enield and normal viscose 
rayons, as measured by fluidity, is direc-tly pro- 
portional to the loss of strength both dry and 
wet. Ihedry and wet strength^uidity relations 
run paraHeL with the latter displaced towards 
the zero strength axis. Since for a given in- 
crease in fluidity both the dry and wet strengths 
fall by sn equal amount, it follows that with 
higher fiuidtties the relative wet strength 
becomes smaller. Staudiiger and Beinecke 
p.c.) have published curves sho-reing a similar 
relation between strength and fluidity, but in ^ 
addition give values for the degree of polymeri-' • 
sation. 

Since the early days of the industry there has 
been a steady improvement in the tensile pro- 
perties of regenerated ccEulose rayons. This 
has been mainly due to the production of yams 
composed of progressively less and less degraded 
ceUuiose. From this cause modem rayons lose 
less strength on wetting than the older ones, as 
will be seen from the table sbo-wn at the top of the 
next column, also the breaking strengths are 
higher for a given extensibility with the modem 
than -Kith the older rayons. In 1S96 ceUnlose 
rayon regenerated from cellnlose nitrate lost as 
much as 90^o of its strenuth on wetting 
(Strehlenert, BJ*. 22540, lS96)r 


The increasing use of stretch spinning has 
contributed to some extent to the increased 
strengths of modem rayon yams, but when in- 
creased strength has b«n obtained in this way 
alone it has resulted in the production of yams 
with small extensibilities. Stretch spinning was 
introduced info the cuprammonium process at 
an early stage, and as ceQnlose regenerated by 
this process was comparatively less degraded 
than that produced by the nitrate or viscose 
processes, this rayon used to have the best tensile 
properties (Staudinger and Eeinecke, Z.c.). The 
position has now been equalised between the 
cuprammonium and the better viscose processes. 
Exceptionally highly stretched yams of com- 
paratively little degraded ceUuIose were made 
by the Ulienfeld modification of the viscose 
process in England and abroad during the 
period 1926-30T These had dry strengths of 
4-4-6-1 g./denier and veiy good relative wet 
strenaths, but tmfortunately their extensi- 
bflifiK were very small, only 4-3-6-5%, but 
most of this was elastic strain recoverable on 
removing the stress. The extensibilities of 
Ulienfeld but not of normal viscose rayons 
can be doubled without appreciably affecting 
the strength by treatment at So'G. with 7% 
NaO H (B.P. 323731). Highly stretched rayons 
made by various processes have reappeared on 
the market both in England and the United 
States, where they are Bn&ing a use in motor 
tyre fabrics. English yams having diy strengths 
from 2-4 to 3-6 g./denier are report^ by Rose 
(lx-.) and these yams, as well as having very 
good relative wet strengths, have much higher 
extensibilities than the Lflienfeld yams. These 
modem strong viscose yams are claimed to have 
the added advantage of much higher elasticities 
than have normal viscose yams. Yams with 
remarkably high' dry and wet strengths have 
been made hy the British Celanese Company 
durinu 1939,' but these yams have low ex- 
tensibilrties. 

Since the war (1914-lS) rayon staple-fibres 
have shown simflar improvements in tensile 
properties to those shown by continuous 
filament yams. Jehle (Angew. Chem. 193S, 
51, 15) has given data for a namber of German 
ravon staple-fibres of different dates and types. 
A selection from bis -valnes are shown in the table 
at the top of the next page. 
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j Breaking strength | 


Date 

Dry 1 

Belatlve 1 

f bilityat 
break dry 

1922-26 . 

2 1 g /den 

46 5% 

84% 

1936-37 

2 85 „ 

53 7 .. 

19 6 „ 


1 roni what has been sud earlier it ifl apparent 
that moisture affects breaking strength It also 
affects extensibihty GeneraDy the higher the 
moisture content the greater the extensibihty» 
not only at a given load, but also at the breaking 
point With the “ wet ’ values the condition 
of the yam is sufficiently defined in regard to 
humidity, but the condition of the yam to 
which the “ dry " values refer needs further 
qualification Because of the experimental 
difficulties which would be encountered in 
testing perfectly dry rayon and because normal 
air diy material contains an appreciable quantity 
of moisture, “ dry ” values refer to material 
which has been conditioned at 65% relative 
humidity (B I S F A Rules for Viscose Cupram 
monium and Acetate Rayon, 1038 Edition) 
Tables of factors have been published for 
convertmg breaking strengths obtained at other 
than the standard humidity to the standard 
condition (King and Johnson, Ic , Herzog 
Wagner, " Physikahsch techmsches Faserstoff 
PraKtikum,* BerUn, 1931, p 114) These 
factors are of dubious value since they vary 
with different rayons, for example they vary 
with the degree of polymerisation ot the 
cellulose 

When making tensile tests the rate of loading 
IS an important factor m the results oblamed 
The breaking strength found mcreases when the 
rate of loadmg or extension is increased (Hunter, 
Rayon Text Monthly, 1930, 17, 739, 805) 
The value obtamed vanes directly os the 
logarithm of the rate of extension (Bayes, 
J Text Inst 1939, 30, F210) Because of this 
all tests must be made at a standard, if arbitrary, 
rate of loading to obtain comparable results 
Temperature has a marked infiuence on the 
tensile properties of acetate rayon Mark, 
“ Phj sik und Chemie der Cellulose,’ Berlin, 
1933, p 50, gives values showing an approxi 
matcly linear fall m breaking strength from 
I 4 g /den at SO'C to 0 10 g /den at 120‘’C 
Breuer (Kuntseido, 1939, 21, 334) pubbshes data 
showmg that the temperature of the water used 
for wettmg rayons when making wet tests has 
a marked iniluenee on the results obtained 
Increasing the temperature results m an increase 
m extensibihty and a fall in breaking strength 
Tensile data for a largo number of rayons of 
all types were published twelve years ago by 
King and Johnson ({ e ) from which it was clear 
that at that time ccllidose acetate rayons were 
weaker than viscose rayons both when dry and 
when wet More recent data given by Herzog 
and Koch, “ Fehler m Testiben,’ Heidelberg, 
1033, p C, show that normal acetate occupies 
the same relative position, although recently 
exceptionally strong acetate yams have been 
reported (lextilo IVorM, 1939, 89, No 10, 80) 
Casein fibres* claim to commercial utilisation 


depends on their chemical properties, since their 
tensile properties are much uifenor to cellulose 
rayon staple fibres m respect of wet and dry 
strength and are inferior to wool in respect of 
these properties and in respect of elasticity also 
(Spitalny, Waleschkewitsch and Ljaschtsch, 
J Text Inst 1938, 29, A263 , Heim, i6iJ 1939, 
30, P213, Diamond and Wormell, ibid 1939, 
30,P224) 

EUutieily — ^For the first tune since 192C 
when Libenfeld rayon was launched ivith the 
claim that it was a great improvement on its 
predecessors because of its remarkable tensile 
properties, a new rayon, “Ayfon, ” has been 
launched with similar claims It is important 
to notice that the emphasis is different now from 
what It was fourteen years ago In the case cf 
Libenfeld rayon the claim was justlymadethat 
here was a fibre with great strength, whilst in the 
case of nylon the claim is not merely that it has 
great strength but that in addition it has 
considerable extensibility and elasticity The 
last item of the claim is most important since 
It 13 m respect of elasticity that all the other 
rayons are most defective compared to silk and 
wool Thus although the extensibility of 
viscose rayons may range from 16 to 24% tbe 
elastic part of this is very small and simUarly 
for acetate rayons the elastic pkrt of the 
extensibility is only a httle greater than that 
of viscose (Ohl. Textilbcr 1933, 14, 485) It 
IS becanse of tbe small elasticity of cellulose 
rayons that they crease badly compared to the 
natural animal fibres However, they can be 
greatly improved by the Tootal Broadhnrst 
Lee Oo ’s process (B P 291473) of impregnation 
with dimetby]olurea which is subsequently con 
densed to a resm in the interiors of the filaments 
by heating Tins treatment improves the 
strength and the crease resistance and reduces 
the swelling of the filaments in water and the 
absorption of moisture at all humidities The 
reduction of moisture content of the resin 
impregnated fibres is an important factor in 
improving their elastic properties (Elod and 
Etzkom, Angow Chem 1938, 51, 45), since it 
reduces tbe possibility of relaxation taking 
place with the formation of a stable deforma 
tioD From ordinary mechanical considerations 
tbe strains imposed on rayon filaments when 
they arc bent will be smaller the finer these are, 
so that it might have been expected that these 
would show more resistance to creasing How 
ever, although the reverse Las been found by 
QoeU (Textilber 1939, 20, 76) hw results are 
vitiated by the fact that he varied two factors 
simultaneously, tbe filament denier and the yarn 
deiuer 

Impregnation with synthetic resin is not a 
satisfactory method of rendering acetate rayons 
more resistant to creasing (Chwala, “ Textilhilfs 
mittel,” Vienna, 1939, p 418) 

As has been said earlier, the great claim 
made in respect of nj Ion fibres is that they have 
exceptionally high elasticity This has been 
borne out by the pubkshed data Up to an 
extension of 8% there is complete recovery on 
removing the stress and at IC% extension there 
IS 91% recovery (Amer Dyestuff Rep 1939, 
28 19S) These data refer to stresses imposed 
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for 100 seconds: stresses imposed for longer 
periods at extensions ttIucIi are initiaUv 15% or 
over -svill result in flo-sr and there -ndU be less 
perfect recovery 'when the stress is subsequently 
removed. 

Vinyon fibres are also claimed to have good 
elasticity,' but no data are available (Textile 
World, 1939, 89, Xo. S, 55). 

Casein fibres have very high extensibility but 
poor elasticity in the dry state. For example, 
after stretching to 10% the recovery after 
24 hours stfll leaves a 6% extension. The 
recovery is better in the -vret state (Heim, J. 
Text. Inst. 1939, 30, P217}. A similar behaviour 
is found ■with regenerated ceUulose rayons 


which show a much better recovery in the wet 
state; also if wetted after stretching, dry 
cellulose rayons ■wfll recover most of the original 
stretch (making allowance for the normal 
lengthways swelling when wet) (Weltzieu and 
Gotze, *■ Chemische und physikalische Tech- 
nologic der Kunstseiden,’’ I^ipzig, 1930, p. 137). 
The latter behaviour is a very useful means of 
detecting the presence of latent strains in 
cellulose rayon yams. 

Typical data, collected from a number of 
sources, for tensile properties, moisture contents 
at 65% relative humidity, densities and melting 
points of various rayons are given in the table 
below. 


Baron. 

i 

Density. 

M.V. 

"C. 

Moisture 
absorption 
at 65% 
K.H. 

Dry str. 
g.iden. 

tVet str. 
Dry str. 

O' 

jO 

Dry 

extn. 

% 

Wet 
' extn. 

! 

' Viscose normal 

1-53 

Chars 

13 

2-0 

50 

20 

22 

Viscose strong . 




3-5 

65 

9 

18 

(Cuprammonium . 


>* 


2-0 

60 

13 

25 

{Acetate normal . 

1-33 

250 . 

6 

1-3 

60 

20 

30 

lAcetate strong 

}1 




6-S 

80 

7 

— 

Casein 

1-26 

— 

— 

0-9 

50 

50 

100 

'Kvlon 

1-14 

240 

4 

5*0 

88 

20 


(Vinyon 

1-20 

*65 

(0) 

3-4 


11 

30 1 

1 


» Softens at this temperature. 


Idenlification . — ^The various classes of artificial 
fibres, ceUulosic, protein and so forth, can be 
easily distinguished by the burning test com- 
bined ■with chemical confirmatory tests; but 
in order to distinguish between the different 
cellulosic rayons, viscose, cuprammonium and 
partially saponified acetate, and as a check on 
the burning and chemical tests, a microscopic 
examination is essential. A summary of pre- 
liminary identification tests is contained in the 
table on page 134. 

When mixtures of rayons are present as in a 
staple fibre yam the presence of a mixture is 
most easily detected and identified by a micro- 
scope. The strength, extensibility and elasticity 
dry and wet give valuable indications even if 
carried out quite roughly in indicating whether 
regenerated cellulose or cellulose acetate rayons 
are of the normal or highly oriented type or 
whether cellulose rayons have been given an 
anti-crease resin treatment. With delustred 
rayons the delustring agent may be an inorganic 
substance which can be iden^ed by igniting 
or dissolving the rayon and examining the resi- 
due, or it may be minute air bubbles in the case 
of cellulose acetate or vinyon, or it may be 
some organic substance. Whatever tests are 
used, it should be emphasised that it is important 
that known samples should be available for 
comparison. 
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i and statistical) ; Mortgat, “ La Fabrication de 
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)g solubility and spelling apply to obser\ ations 
rhen the fibres are treated with the reagent for 
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fibres, cot TON- 1. Gesesal. — C ot- to it appear in ea.rly Hindu sacred books, and 
ton con sis ts of tbe long lairs covering the seeds remnants of cotton string and fabric, identified 
of various species of Go-’^sypturp. a genus of the by Gulati and Turner,^ have been recovered 
natural order Jlaltnces^- The cotton plant :tom recent excavations of buned cities at 
groTvs as a small shrub or tree. It is of perennial Jlohenjo-daro in the vallev of the Indu', which 
habit, but is usually treated as an annual in archreological evidence shows to belont: to a 
cultivation to avoid damage by diseases and civilisation existintt in 2750-3000 b.c. 
insect pests. In certain hilly districts of Brazil, 3. Statistical.— During the pa^^t 100 year« 
however, tree forms are grown, which are allowed cotton has been the most widely used of all 
to remain in the ground for 7 or more years, textile fibres; its annual crop exceeds that of 
When the flower-bud first opens, the flowers are all other textile fibres put together. Table I 
generally white or creamy, bnt they gradually shows the average relative productions and the 
become dark red before falling to the ground on average prices of the diSerent fibres for the 5 
the third or fourth day. The young fruit re- years 1932-37. 

mains attached to the flower stalk and enveloped This high production of cotton has been 
in the calyx: it gradually increases in size and developed during the last 150 tears; before 
is known as the boll.’' When the boll is ripe ISOQ the world's crops amounted to less than 
it dehisces in three to five sections (loculi), 
exposing the cotton which, with the 
release of the pressure, rapidly expands 
to form a larse flufrv mass and is soon 



ready for picking." The seeds, with 
the cotton fibre adherins to them, form the 
product known as seed-cotton ; this is 
collected from the ripe bolls, and the 
cotton (or Ihif). after being separated 
from the seeds by a process of ginning," 
constitutes the raw cotton of commerce. 
Se^-cotton usually consists of about 
one-third its weight of cotton fibre and 
two-thirds of seeds. 

A cotton fibre consists of a single cell 
which, up to the opening of the boll, has 
the form of a long tube with a central 
canal, but much contorted in order to fit 
inside the cramped space available, for 
the seeds in a single large boll may bear 
as many as half a niillion fibres. When the 
fibres dry at the opem'ug of the boll, they 
collapse into a ribbon form, and twist 
about their longitudinal axi®. These 
natural twists or convolutions are pecidiar 
to the cotton fibre, and occur sometimes 
in a right-handed and sometimes in a 
left-handed sense; the total number 
of convolutions in a fibre is compo-ed 
almost equally of the two kinds and 
varies trreatlv from fibre to fibre even for 
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a single variety, but ranges on the average 
fiom 4 to 6 per millimetre length : reversal' 
of direction occur from once to twice per 
millimetre.^' - 

Owing to its economic importance, cotton has 
been the subject of a vast amount of study 
aiming at increasimr production or improting 
quality of fibre, yam and cloth. Tliese aims, 
and the economic importance of the fibre, are 
illustrated by the further details clasrified under 
the following headings : (2) historical ; (3) sta- 
tistical ; (4) distribution : (5) cotton varieties ; 
(C) cotton growing; (7) yield of cotton; 
(S) di'^cascs and pe^ts ; (9) development of lint 
hairs; (10) cotton quality; (11) chemical constitu- 
ents of cotton : (12) cotton ginning and presring : 
(13) cotton spinning — opening .and clc.aning, 
carding, combing, drawing, ejxod frames, 
spinning, doublmc and twi=tinu: (14) cotton 
yam preparation ; (15) sbinz; (16) weaving. 

2. Historic VL. — Cotton ha« hcen used for 
tertih p’irp^JC= 'ince ancient times ; reference^ 


Fig. 1. 

' 200 million lb., but bad incrc.ascd to CS9 milhon 
lb. in 1S35, to 5.030 million lb. in 1SS2. and to 
an average annual crop of 10,26S million Ib. 
between 1902 and 1022. For the thr« qum- 
quenm'a since 1922 tbe avcnigo annual codon 
crop=, including lintcr=, ha\e I'cen- m intllton 
lb.— 

ingg-gr. ingr-M mag-jr. 

12.203 13,431 13.610 

[ Lir arc the ':hort remnirt- of cotton fibwR 
'twclc-s for “pinning, left on the “ccd- in saw 
I ginning and af;craard“ rcnioted by a “C^ond 
saw ginning; in recent \cars lintor- bi'c 
amountcil to “onic million lb. ixTr .ann’im. 

The cotton probirfion in rciciit gcir- 
[compared \ritb that of lb" otbir 3rnf>''tant 
j textile fib-e- in Tab!" II. 
i ‘P'rVrt IX ho^ in, r»'^ccnt vc^'^ 

thft'c nx'i'T 
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Table I — Relative ^^ORLtl PEODUcno-«i a’^d Average Prices of Textile I'ibres ‘ 



Percentage of 

Average price 

• Quality 


total production 

pence per lb 



f 62 

American Middling 

Cotton 

535 

< 52 

Indian Superfine Oomras 



[ 85 

Egyptian Sakellaridis FGF 

AAool 

16 3 

/27 6 
\12 0 

Alenno greasy 66 s 
(2 to sbi^ gwasy 46 s 


131 

19 

First marks 

Flax 


f 68 



il0 2 

Belgian 

Hemp 



Indian (H J i; J 

- ** 

i 00 

Italian (Pi/SB) 

•Leaf fibres 

43 


E A&ican Si^al Ko 1 

Rayon 

32 

334 

150 denier Ancoie yarn (evci e 



dutv deducted) 

Staple fibre 

04 

no 

A i3co«e 

Silk 

05 

97 9 

Japan 13/15 « 


1000 




Average annual total production of textile fibres 1932-3“ ‘'o 500 000 000 lb 
* Leif fibres ate Sisal Manila I en p Neir Zealaod I einp 


Table II — Prodoction or Ieitile Fibres I't Milljo> Lb * 


Lear 

lO-’O-Sl 

1030-31 

1031-3“ 

193“ 33 

1933 54 

1934-3» 

1030-36 

1036-3“ 

103“-38 1 

Fibre 

•Cotton 

13 ISO 

l‘>786 

13 605 

11 74b 

13 166 

11 'i04 

13 174 

15 484 

18 ODu 1 

R ool (grean ) 



3 $42 

3 84** 

3 857 

3 "42 

3 566 

3,713 

3SC7 

3 864 1 

Juto 

4 ISO 

4 540 

0 A -5 

2 8S0 

3 245 

3 460 

2 964 

3 890 

3 5*4 

rivx 

1 364 

1 413 

1 522 

I 332 

] 511 

1 S^O 

1 CSO 

1 690 

I SOj 

Hemp 

1 151 

1 073 

853 

729 

"17 

70j 

73" 

S2j 

644 

Leaf fibres 

1 120 

1 009 

930 

0S8 

1 014 

1 060 

1 IDS 

1 ’-5 

1 300 

Silk 

134 

130 

126 

lie 


125 

1**1 

119 

1*1 

Raven filament 

437 

453 

SOI 

S**! 

C6C 

773 


1 015 

I 00 

Staple fibre 

8 

6 

$ 

21 

“0 

63 

140 

299 

C** 

i 
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importanee and a npi I n creaie in production 
staple fibre made in short lengths (23-16 in 
long) on the same machmerj as raj on fihmcnti 
for epmmng on cotton spinning machmerx 
his ftl^o shen-n a n ost rsf i<l eipannon though 
cotton continues to hold its own 

4 DiSTRiBino — Cotton is grown in everj 
continent though in Furope and Aiistralnii 
the crops are small the relative importance of 
the various sources ol suppU is ill istnited I % 
the Bumman of recent crops g ven in T »l Ic III 
{average over loar penoili for 1916-3f base*! 
on figures given bi Toil 1 *} wbicl shows parti 
culirh how cultivation has extended in SoutI 
Imerica (Braril, Peni ml Irpcnt na| in Aiia I 
an 1 Europe (India China and Pnasia) and m 
\fnca (Fsrvpt Sudtn Fut Afnca — Uganda 
Tanganjnka Nvaeahn 1 and Kenya and F\e«t 
\fnea—Nigena, Belgian Congo etc) 

5 COTT01^APIETIEs —The botanical classifi 
Cation of d tferent xaneties cannot vet be svjd 
to rest on a Mtu«factorv basis Certain mor 
phological features have usuilh been taken as 
the Kuii the most instructive aeconling to 
Matt,* being denred from the position a&I 
condition of the 1 raclcoles the presence or 


; absence of nectar yielding glands and the 
nature of the floss and fuzz th^at surro tnds the 
seed 

I In accordance with this scheme he divideil the 
' species of cotton into f ve BCction« thus 

I Fuzzy seeded cottons with no hnt e j 
fjosiypiuwi 5foel ji I O St rtn (inld) 

11 Fuzzy seeded cottons with iimfcil 
brictcoles O \eyUclim arbortu 
herbatevn (Asiatic) 

III F izzy seeded cottons u ith free bractcolci 
G hirsulum G pfruiinnum G r wi 
eanum (\mcrican) 

I It Naked seodeii cotton* with the hnt 
t«)\es free or ncar^v so and gUnis 
con«picnous G borbnJense O brnsi 
I ease 

\ Naked seeded cotton with bractcolci 
quite free and floral glands absent C 
Airiii{wi]d, tropical E Africa) 

It should be noted that although G Airsulutn 
M now widely distributed the ongmal parents in 
eveiy case appear to have been Upland Amcncan 
m oncm The tiunsplantatioii has not been 
cfllcttii without a radical change m tic cha 
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Table ILL— 

-Peodcctiox of Eaw Cottox 

ix Jlnxiox Lb. 



5 1916-21 

1921-26. 

i 1926-31 

I 1931-35. 

j 1936-37. 

r 

! 1937-38. 

Americc : 

*U.SA. 

0.965-3 

-5.7oS-S 

f 

7.416*8 

6.342-0 

1 

f 6.199-5 

' 9,473-0 

3Iexico 

S3-6 

93-5 

i 121-6 

103-1 

1 1S6-5 

155*0 

Brazil 

19-5-1 

2S2-S 

f 251-3 

515-1 

S.5B-0 

1.141-0 

Peru 

69-6 

95-1 

119-5 

‘ 14S-1 

1S4-5 

14S-0 

Argentina 

T-3 

32-0 

55-7 

116-4 

72-0 

: 140-5 

Others 


29 2 

j 

; 31-4 

6-5 -.5 

6-5-0 

Asia {Europe) : 

India 

1.74S-6 

. 2.161-S 

) 

' 2.17S-9 

; 1.964-9 

2..526-S 

t 

1 2.265*2 

China 

' 1.07S-2 

( 964-6 

1.010-5 

, 1.202-3 

' 1.S70-5 

1 1.541-5 

•Japan, Korea . . . . 

■ 36-3 

54-3 

: 71-0 

I 90-6 

92-5 

150-0 

East Indies . . ’ . 

12-9 

11-S 

7-9 

' 7-2 

S-0 

! 8-0 

Enssia 

273-1 

. 1.52-2 

! 5S2-1 

958-5 

1 1.775-0 

! 1.S91-0 

Persia 

51-4 

1 37*7 

! 43-2 

[ 64-3 

‘ 80-5 

SO-5 

Iraa. Ceylon, etc. . 

— 

0-6 

1-6 

I 0-7 

t 4-0 

S-0 

Asia llinor and Europe 

53-6 

; 43-4 

61-4 

I 105-2 

i 

. 172-0 

21S-0 

Africa r 


‘ 


i 



Eerpt 

5-56-S 

1 656-9 

; . 7S3-4 

[ 719-5 

910-5 

1.101-0 

Sudan 

C 

C'O 

21-3 

. 57-1 

; S6-0 

133-0 

122-5 

E. Africa (British) . 

20-6 

; 59-6 

i 76-3 

i 132-9 

174-5 

173-0 

S. Africa (British) . 

> 0-S 

5-6 

[ 4-S 

1 1-3 

1-0 

1-5 

W. Africa (British) 

7*7 

1 11-7 

i 11-5 

i 14-3 

190 

12-5 

A'on-Brrtish .... 

1 4-7 

J 

1 22-0 

1 49-2 

i "6-5 

133-0 

135-0 

W. Indies (British) 

2-0 

“ 1-7 

i 2-3 

; 1-5 

2-0 

■ 2-5 

W. Indies (Xon-British) . 

5-2 

' 100 

1 11-4 

I3-S 

12'5 

12-5 

Australia, etc 

, 0-3 

3-S 

3-S 

: 6-1 

» 

4-5 

10-0 


!10,IS6-9 

! 10.499-9 

1 

■12.957-2 

!i2,7,01-7 ' 

15,4S4-3 1 

1 

18,855-2 


* Esclttdinc Imters. 


rscter of the lint aiisiiig &om the environmental 
npheavaL Temperature, mean length of day, 
angle of inddence and duration of solar radi?,- 
tion, combined possibly vrith radical changes in 
the fiequency and extent of watering — ^have 
generally resulted in the Afri can- and Asiatic- 
grown hirsutum cottons failing to obtain the 
degree of maturity characteristic of the original j 
Upland Americans. 

The advances in cytology in the present cen- 
tury have led to a new orientation of view 
regarding the species of Goi9up\i:n. Two main 
divisions of the genus are clearly defined accord- 
ing to the number of chromosomes f in their 
nndei : these divisions correspond generally 

t CDTomcsomes — the ?=aetic el-meats that together 
lasts up the nuclecs of a celj : separatinz uhen the 
ceil of gmtring tisme is ahout to divide, themselves 
dividirr. and one of each pair re-assemhlia? to form 
tyo cnclei. one for each of the daughter cells, tvten 
the £rst sexual cells are formed in a plant, the chromo- 
somes of the nucleus separate into tsu groups arithout 
preliminary divisien. and each group forms the nucleus 
of a daughter cell; thus the nucleus in this haploid 
phase has only half the number of chromosomes present 
in the nuclei of cells of vegetable tissue. These daughter 
cells divide and re-divide many times, but nuclei of the 
new csHs have a chromesome composition similar to 
their own ; but when fertSisation occurs and the sexual 
cells unite to form a new cell the nucleus of this ceH 
has the full number of chromosomes (diploid phase) { 
whi'Ch is repeated in the nuclei of cells formed from it i 
in the subse'pusat vegetative divisian and development. 
The number of chromosomes referred to in the dis- ! 
cussim is. throughout the harloit or reduced number. ‘ 


with the geographical division into Asiatic and 
American types; the Asiatic types have 13 
chromosomes and the American types 26 
chromosomes in the cell nucleus.” All the 
cultivated, types fall into one of these, two great 
divisions, though by cross-breeding it has 
proved possible to produce cottons having other 
numbers (39 and ofi)^ ; and a more detailed 
classification of cottons has been put forward in 
accordance with modem genetic and taxonomic 
knowledge.-' However, even the new detailed 
classificaTOn of Gc-s^jpium species cannot yet 
be regarded as complete, 

Eecently, the sole member of Watt's Section 
I V, G. KM-ii had been excluded from the genus 
! Go-siirpiur-. and renamed GaSjypiV'ies on the 
gronnds that ir difiers from all the other species 
in neither grafang nor crossing with them, and 
in havina a square stem’ ; this exclusion is 
strengthened by the discovert- that it has only 
12 chromosomes.’ 

According to Skovsted.*^ the Asiatic cottons 
have 13 lar^ chromosomes of much the same 
size, the AnTerican cottons 13 large and 13 small 
chromosomes, the smaU ones l«ng little more 
than half the length of the large ones. Some 
American wild cottons have only 13 chrorntwomet 
of the same sire a-s the s/nu.!? ones in the American 
culrivated types. For this reason Skorsfed 
concludes that the American cultivated cotton' 
of 26 chromesomes have tyren derived from a 
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cross between two species of Goasypium both 
having 15 chromosomes, but one set being of the 
large type like the Asiatics and the other of the | 
small type bke the Amencan -wild types 

6 CoTTO'f Growi'JG — ^The chief physical re 
quirements for cotton growing are suitable soil, 
temperature and water supply , where the first 
of these is not naturally suitable more par 
ticularly where long continued growing has im 
povensfaed the soil, othemise suitable in tex 
ture and depth, the deficiency in composition 
may be made good by manuring (USA) The 
temperature requirement restricts the growing 
to tropical and sub tropical regions of the earth e 
surface Where the rams are not a natural 
source of water supply, the deficiency may be 
made good — at high cost — by irrigation (Egypt, 
Sudan India, U & A ) ^Vbe^e irrigation water 
is aiailable, the seasonal temperatures may be 
utilised to best advantage in regions dependent 
on a “ rainy season this determines the sowing 
time , under irrigation, the temperature Often 
the harvest time ( picking ) is determined by 
the incidence of frosts which kill the cotton 
plants Thus the growing period may be 
definitely limited at the two extremes by 
climatic conditions in such circumstances the 
varieties chosen for growing must have a grow 
ing period suitable for the conditions so that 
the seed cotton in the boUs tbe last natural 
phase of the plant s activity maj have an op 
portunity to mature These simple criteria are 
all illustrated by conditions in India under 
irrigation in Sind and the Punjab, the sod 
temperature is suitable for seed germination in 
early April frosts may occur m Ucceraber and 
picking proceeds from October onxvards in the 
central Indian belt under ram fed conditions, 
sowing takes place during the first break after 
the early monsoon rams in June picking in 
September onwards though further west in 
Broach and Surat, the growing period is much 
longer as more equable conditions prevail near 
the coa;t and picking takes place in Apnl 

In .Scw’Ah jww.w" evewy 

the breaking of the north east monsoon in 
August, with picking in Apnl to Ju1> 

7 'ixELD or Cotton — ^The monetary return 
to the farmer for his outlay and labour on any 
given area is determined by two pnmary factors 
— the 5 leld or the quantity of lint produced and 
the quality of that lint As already indicated, 
yield IS a complex quantity it depends both 
on the variety and its environment Good sod 
and good cultivation coupled with favourable 
climatic conditions may provide a suitable en 
nronment , the next step is to choose a a ancty 
of cotton nicely matched to that environmcDt 
Goo<l cultivation includes not onl> good agricul 
tural practice pcnerallv in draining and tilling 
the sod and earing for the crop, but also a proper 
choice of sowing date, distance between the 
plants and time and extent of watering if tbe 
crop is an Irrigated one In the choice of vanety, 
the growing season, which limits tbe tune avail 
able for the crop to mature must be a first con 
SI feration . the stand or the number of plants 
that come to maturity, is another important agn 
cultural factor , vnth a given number of plants to 
the acre the yield per acre evidently depends on 


the average yield per plant, and this in turn or 
the number of bolls (or seed pods), the numbei 
of seeds per boll and the weight of lint per seed 
Varieties that are bushy are naturally not 
planted so closely as more slender varieties , and 
the contributory factors may differ considerably 
from one vanety to another Thus the Cam 
bodia and Nandyal cottons, both grown in the 
Sladras Presidency of India, have average values 
' as follows 


! 

Variety Spacmg 

IboIIs 

Seeds 
per ' 
boll 

Weight 
of seed ^ 
mg 

Weight 
of lint 
per 
seed 
mg 

Weight 

ofUnt 

^g 

Cambo 
diaCo Z 
(O htr 

tuUim) 3C in 

X Oin 

g ; 

35 

136 

76 

21 3 

Naadyal 

1 14 (e 

1 Indi 
cum) 18 In 

X Oin 

27 j 

' 21 

46 

14 , 

79 


Climatic conditions have not only a direct 
physical or physiological effect on yield through 
tbe temperature and water supply but also an 
mdjrect effect through the incidence of diseases 
and pests 

Generally speaking the object of the grower 
IS to bring as many bolls as possible to maturity 
before some limiting factor operates to cause 
cessation of growth To this end the early 
flowenng vaneties are favoured as leading to 
early fruiting Now certain branches of the 

lant (monopodia) do not bear flowers directly, 

ut only vegetative organs (or further branches), 
whereas other branches (sympodia) bear flowers 
as well as vegetative organs, so that one object 
of selection is the isolation of varieties bcanng 
sympodia at an early stage of their life history 
. If the synyiodia are borne earl.y on the mom 
monopodia! stem — between the 5th and 15th 
nodes, the plant has a sympodial habit — 
if the sympodia only appear between the 20th 
and SOth nodes, it has a monopodial habit ’ 
if the sympodia begin to appear between the 
15th and 20th nodes the habit is “ intermediate ’ 

' 8 Diseases Aho Pests of Cotton ’’ “ — 

Diseases and pests take a tremendous toll of the 
cotton crop, their depredations are not only 
responsible for many plants failing to come to 
complete fruition but also for much of the cotton 
produced being greatly dimmished in value 
owing to damage or stainjng by these agencies 
It has indeed been said that the different grades 
of Egyptian cotton which being grown under 
irrigation escape many sources of damage arising 
from untimely rains are an exact expression of 
the amount of pink boll worm attack 

Di$eaie» 

CtJllon n if< (Emarium vasinfectum) is the most 
widespread disease to which cotton H subject, 
it IS a fungal disease with greater incidence in 
retnons of heavy rainfall the development of 
wilt resistant varieties is the method usually 
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adopted to combat it. There is some reason 
TO t-elieve that the trilt disease is not due to the 
same fimstis in India as in America. The symp- 
toms are trilring of the plant's vegetative organs, 
v-oody parts of stem rtrming brovn or dark 
colonred. 

. Elad: Rust is a physiologic-al tronble common 
on the poorer sohs of the I7.S.A. belt, dne to 
improper soil c-onditions. 

Cation Ar.ihracno-sc -rrhich attacks ah parts of 
plants except large roots, is a fongal disease 
atfecting the plants at all stages of their grotrth ; 
on the bolls it starts as small dnH red spots, 
gradually enlarging and finally afiecting the boll 
contents. 

Root Kr.ot^is caused by a nematode, a small 
eel-like tvorm that enters the roots and leads to 
root svellrngs, especially in fight sandy soils.: 
it has been stated to be second only to ■rft as a 
disease cansins damage in U.SA.. 

Argular Laaf Spot or BTichinn is a bacterial 
disease of cotton, knotm as the former vhen it 
attacks leaves (as in U.S-A.) and as the latter 
vhen it attacks stems or branches (as in the 
Sudan and other parts of Afidca). 

iTiSici Feds. 

By far the most damaging insect pests of 
cotton are the ilexicEii boll treevil {Aril.ar.amus 
crandis) of T7.SA.. and the pink boU trotm 
iPIatvidra or Pectinophora gossupkUa) common 
in most corton-grotring countries, especially 
Egypt, Brazil and India.'^The boll treevil entered 
Texas firom llexico in 1§92. gradually spread 
east and north, and by 1921 had practically 
covered the trhole cotton belt in the E.S~.k. ; the 
treevil is a dark hrotm insect, up to about a 
quarter of an inch Ions : its life cycle is about 3 
treeks : it seldom lives more than 7 treeks in 
summer, though occasionally much longer — up 
to 6 months or more. The treevfis attack the 
unopened flotrer buds for preference, bat trhen 
these become scarce they attack voting bolls. 
The direct annnal loss in E.SA.. through the 
boU treevil is immense, and tras estimated in 
boom years to reach £10'1.000,000. The treerils 
Mbemate throngh the rdnter and a cold trinter 
largely reduces their numbers : so does a hot 
summer: poisoninv them by calcium arsenate, 
sometimes dispersed as dust from aeroplanes, is 
the favoured remedy. 

The pink holi trorm tras first described by 
Saunders in 1S12 firom Indian specimens: it 
tras reported in Egypt 1906-7. Brazil 1911—13, 
Mexieo 1911, Texas 1916. Its damage to the 
Egyptian crop alone has been estimated at 
£6,(X'0.000 annuallr. The larrs enter seeds ■ 
and eat their contents : the infested seeds fail j 
to derelop fully and the lint is often stained 
pink and may he short and treak. The trorm is 
the larval statre of a small brotm moth, having j 
trings of abom J in. span : the life-cycle is j 
about 5 treeks in summer. The trorms, on j 
hatching from the ecus, tunnel into the boUs. j 
Carbon disulphide poisons them, but the only j 
satisfactory remedy is heat treatment of the J 
seed, notr compulsory in Egypt. ] 

life r Sta'-e : Ecu Larva Pupa Adult ! 

cycle: t.Xo.'of days : 4ff2 20,30 10;20 14-20! 
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Other pests are the cotton leaf worm {Alabama 
argillac^a). for which arsem'cal preparations are 
a remedy : the cotton boQ worm and cotton 
red spider (really a small leaf-sucking mite) 
affect U.S.A. crops, and are controlled by in- 
secticides: cotton Stainer {Dysdercit? speciesl 
is a very widespread foe, known in U.SA... 

I India and Africa. Other leaf-sncking insects 
tare Jassids, a most serions pest in South and 
I East Africa, and the Whitefiy (Punjab), 
i 9. Develofmest of Lett Haies a^d 
i Qcaxitt of List. — Lint hairs only begin to be 
formed comparatively late in a cotton plant's 
history. To take an Egyptian plant as an 
example^® : a seed sown on 5larch 2Sth. 
germinated in 7 days (April 4th) and the first 
Sower buds appeared after another 47 days 
(-54 days from sowing) ; the first opening of 
flowers occurred after a further 31 days (So days 
fix)m sowing). From the time of opening of the 
flowers until the bolls opened — ^the boU 

maturation period.” during which the fint hairs 
lengthen and thicken — some 52 days elapsed. 

In the case of this plant, therefore, the period 
fimm planting to flowering was So days, and 
for boU development 52 days : bolls of different 
ages on the same plant came to maturity over 
a period of 60 days, so that from first to last 
bolls are developing over a period of 112 days. 
Whilst 137 days elapsed before the first boll 
pompleted its development, other bolls continued 
to develop over the succeeding 60 days — the fife 
period of the whole plant thus being 197 days, 
or 6J months. 

The development of the lint hairs is naturally 
affected by the health of the'plant ; but although 
the number of flowers set and boUs produced 
— ^and so the yield — ^may be greatly affected by 
differences in enrironmental factors before 
flowering occurs, yet the qualily of the lint 
depends"^ almost entirely on the condition.s 
subsequent to flowering. The development of 
the cotton fibres has been described by Bow- 
man.^® Balls,*' GuIatL*= Sheffield.*® and others. 

Lint hairs are part of the outer epidermis of 
the ovule ; being in effect part of the vegetative 
tissue of the seed, they belong to the same 
generation as the plant which bears the seed. 
If the particular seed has been cross-fertilised, 
j-hft will not affect the lint on that seed, bnt only 
the lint home on the plant obtained when the 
seed is sown. 

Some fint hairs are differentiated as such in 
the outer epidermis of an ovule even before it 
has been fertilised, others are differentiated 
later, up to the 10th day after fertilisation. 
The fibres lengthen for the 24 days ensuing upon 
fertilisation, ^wth being comparatively^ slow 
for the first 6 days, but much more rapid for 
the next 15 daysl slowing down again for the 
final 3 davs of the lengthening period. At this 
stage the fibre is frflly grown in length- but the 
walls are exceedingly thin, consisting of the 
original cuticle with a layer of primary cellulose. 
anS embedded vrax. For the next 24 days 
deposition of secondary cellulose occurs on the 
inner side of the walls, in the form of daily 
gro\rth-ring=."- "* as a result of diuma! v.iriation 
fri the conditions of growth ; each growtFring. 
according to Bali-, consists of some IC"! fibr.D.v- 
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laid down Bpirally, and responsible for tHe con I 
volutions, reversals, and wall pita in the dry I 
fibre , thus each cotton fibre comprises some j 
2 400 fibriUa: 

Evidently, interference with the plant’s well 
being during the period after flowcnng affects 
the quality of the lint , growth of lint, if arrested 
for a time, may be resumed after the set back, 
but the loss durmg tho period of arrest is not 
made good afterwards In the case quoted 
above, bolls — and lint within — were developing 
over a period of 112 days a set back to the 
plant at any time within this period must affect 
some of the hnt , in tho middle of the period 
■ — 66 days after the first flowering — the floAvers 
that opened during the first 8 dajs of flowering 
would have come to boll matunty, and so lie 
unaffected by the set back, but those that 
opened between the 9th and the 66th days 
would be in various stages of thickening and 
lengthenmg on tho 66th day, and their develop 
ment ivould he interfered with accordingly, 
some would ho rather thin walled, others rather 
short The actual effect depends on the seventy 
and duration of the set back If very severe, 
lasting, say, 48 days, there would be all grades 
between normal and very thin walled and very 
short Spell set backs naturally occur from 
time to time in individual localittes, with 
consequent effects on the fibres compnsing the 
crop, especially the last pickings 
Conditions in some cotton growing districts 
are such that the crop as a whole is harvested 
with a largo proportion^fthe fibres incompletely 
thickened, American Upland cottons from 
which selections have been made through many 
generations in the Punjab in India, and in 
various parts of Africa (Uganda, Tanganyika 
X Nigeria, etc ) are especially prone to this 
character Tests of quality have therefore been 
(levied which include some measure of the 
maturity of the fibres 

10 Cotton QuaUTV — In the trade, the 
quality of a cotton is determined by a hand and 
r.^c avAnunatinn Thftamfliint<iC&icri)5)aLiiw.Uncl 
IS estimated directly by eje, and in case of 
doubt, by comparison with certain reference 
samples known as " standard grades Staple 
length IS judged by drawing out a liand sample 
between both hands and extracting tufts from I 
tho fibres exposed at tho “ fracture ’ Breaking I 
a small tuft by a snap method after gripping tho I 
tuft by the thumb and index finger of each hand, j 
gnes an indication of fibre strength Tho 
resistance offered by the hand sample when 
being drawn out between the two hands indi 
cates the drag ‘ body , ’ or “ haixlness or 
‘ softness " of the cotton — properties which 
have a distinct bearing on its spinning capacity 
Notice IS also taken by eye of lustre or bloom, 
colour and the presence or absence of ‘neps,’ 
which romroonly consist of small aggregafiMis 
of immature hairs that spoil tho appearance of 
yam and cloth especialh m the dyed state 
In the liboratorv, less subjcctne methods arc 
avaibblc for assessing mans of tho qualities 
of a cotton sample The quantity of foreign 
matter pre«ent may be found by means of the 
Shirley \nal\scr, the principle of which depeiuls 
on the difference in buoyancy of the opened lint 
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and 'the trash the lint is first completely 
opened to tlie single liair stage by means of a 
sawtoothed roller (known ns a “taker in" 
type of beater), and then the whole is projected 
mto a stream lined airflow of narrow depth in 
which the cotton hairs are buoyant whereas tho 
trash falls through, the Imt is collected on a 
perforated cage and the trash in a convenient 
setthng chamber 

A general test (the “ Combined Stapling 
Test ’ **) for judging the quality of staple, 
measures three fibre characters tho length, tho 
fineness and the maturity Every sample of 
raw cotton consists of fibres of many different 
lengths, if these are Hid down, the longest first 
and tlien the others in order, at right angles to 
a base line the outline of the other ends of the 
fibres forms an ogive curve For tho measure 
of length, tho upper quartilo of this curve is 
preferred, taken w hen the short fibres or fibres 
less than half this length are neglected this 
upper quartile is styled the “ effeelne length " 
and corresponds very closely with tho trade 
judgment of tho staple length, as appbeJ to tho 
vanabfo sample As a measure of fineness, tlio 
Imrmtght per unit length (inch or cm ) is used 
To measure tho matunty, a number of fibres on 
a microscope slido arc treated with 18% NaOH, 
and classified microscopically into three classes 
(normal tbm walled and dead, otherwise 
mature, half mature and immature) (ho 
treatment with NaOH causes swelling, as a 
consequence of which tlio mature hairs lose 
their convoluted appearance while the dead or 
immature Imirs become strongly convoluted 
the thm walled or lialf mature hairs develop 
just one or two conroltilions here and there 
Wbat might be described as a normally mature 
, sample of cotton comprises some G7% mature, 
j 20% thin walled and 7% dead hairs As 
I already indicated, values for tho crops of 
I different growing areas depend very much on 
I actual conditions of grontb and a particular 
farmers crop in any one such area may differ 
cniMidftralilY fcoox tJiat. nf bja o/yj’b.bf^Xv or 
what may bo the usual crop Subject to this 
qualification tho values m Tal le IV for staple 
length, hair weight and immaturity, may bo 
regarded as typical This table also uicltides 
the approximately highest standard warp 
counts** for which tho cottons arc commonly 
used, and the lea strengths at these counts 
(Tho lea strength is the strength of n skem of 
yam, consisting of 80 threads having a pen 
meter of 54 in , placed on hooks 27 in apart 
so os to form a test specimen of ICO threads, 
which arts then loaded until breakage occurs, 
after n few threads have broken flic rest draw 
out without further increase in the load, which 
la registered on a dial ) 

Reference to tho physical properties docs not 
always permit a decision as to tho value of n 
sample for commercial purposes? cases some 
times occur when two cottons that respond 
alike to the pliy sical or dimensional tests behave 
diffeicntly m spinning 

The ultimate test of the value of a sample 
of cotton IS how it behaves m use That certain 
cottons are specially smted to certain purposes 
IS fully recognised, thus Sea Island cotton is 
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Staple 
iength 
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Per 

cent. 1 



Cotton. 



Hair-weicht 
Per cm. 
mz. 

mature i 
hairs and f 
per cent, 
dead hairs. ^ 
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Lea 
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5^ Island (TT Indian) 


- 

54 

123 

55 

IT 

240'- 

10 

American : 









ifemphis .... 



40 

186 

45 

10 ( 

50 

42 

Texas 


f 

31 

203 

49 

12 * 

2-t 

79 

IIS 

39 

42 

Boweds .... 
Brazilian 



28 

36 

239 

191 

79 

50 

5 ^ 

12 

16 

40 

Peruvian Tangnis . 



44 

236 

69 

6 

40 

Egwiiar’ : 




1 



1 


Sakellaridis 



46 

142 

58 

S 

SO* 

31 

Giza 7 



« 

146 , 

61 

S 1 

so* 

28 

Uppers .... 


r 

38 

185 

69 

6 


39 

Sudan Sakellaridis . 



46 

132 ; 

65 

12 1 

so* 

30 

Sudan American ' . 



39 

167 f 


•■’8 ( 

50 

42 

Uganda 



37 

154 ( 

35 

25 f 

50 1 

42 

X. Xigeria .... 



34 

176 j 

51 

21 1 

40 ' 

50 

S. Xigeria (Ishan) . 



39 

( 

275 [ 

1 

71 

5 1 

40 J 

36 

Indian : 



1 

f 

i 


[ 

1 


Bensals .... 



20 1 

318 ! 

68 

6 

6 1 

48 

Oomras .... 


. • 


278 i 

62 

8 t 

12 1 

SO 1 

Broach .... 



24 ^ 

263 f 

76 

12 ‘ 

16 , 

60 

Surat 1027 . . 


1 

31 , 

228 i 

52 

15 f 

30 

48 ' 

Punjab- American 



28 

164 f 

49 

27 ' 

20 1 

70 

Cambodia .... 



32 ' 

ISS 

50 

25 ' 

30 

46 1 

Tinnevelh'es . 



26 

211 

65 

15 

16 

63 ■ 

Coconadas. 

• 


•24 

f 

239 

79 

7 ; 

14 

SO , 


* “ Combed quality.’’ 


mucli used for the finest hoaety underwear, 
having an excellent soft feel and an appealing 
sheen: for coarser hosiery the white Peruvian 
cotton, known as Tangnis. is very suitable. But 
in large classes of other goods the dominant 
criterion for selection of cotton is pric-e. Since 
long fine cottons are more expensive to produco 
than short coarse ones, so the price of goods 
made from the long cottons is necessarily higher 
than that of goods made from the coarse ones, 
though for some usages the coarse cottons may 
be intrinsically more suitable. Under present 
conditions, however, the commercial valuation 
of a sample of cotton is related directly to the 
fineness of yam to which it can be spun, and for 
this reason it is customary to regard a spinning 
' as the best test at present available for 
judging the value of a cotton. Special tech- 
niques have been worked out for such “ spinning 
” which are generally based on the results 
obtained by processing a lO-lb. sample on cotton 
spinning machinery of the standard type used 
in the industry, as described later (r. Cottox 
Sprxxrs-Gj. 

ll._ CHEiacAL CoxsTiiuKXXs or Cottox. — 
Proidmate analyses of dry cotton show that it 
consists of some 91% cellnlose, 1 to 1 mineral 
matter, 0-3 to 0-5% wax. 1-2 to 2-4% protein, 
and up to 5% of matter of as yet undetermined 
composition (r. Ble.\chixg). 

Prom the description already given of the 


development of the cotton fibre, and the effect 
of the conditions of growth on the physical 
properties, it is only to be expected that the 
chemical constituents — especially the minor 
ones — ^will also be affected in their relative 
quantities by the conditions of growth and the 
extent of development of the fibres (see below 
for variations in the percentages of constituents). 
Unfortunately workers on chemical constituents 
until recently disregarded the physical char- 
acters. and it remains uncertain whether or not 
their material and their results can be regarded 
as completely typical. 

Chemical analyses of cotton have aimed at 
1 establishinsr differences between samples of 
cotton of different origin by means of their 
variable non-cellulose constituents. As will lie 
seen from the details given below of determina- 
tions of cotton wax, nitrogen and phosphorus 
contents, ash, and copper nmnber, the native 
Indian cottons are distinguished from other 
tvpes bv these values, and the Egyptian and 
American cottons differ in their phosphorus 
content. 

For the properties of cellulose and compound* 
related to it — oxyccI]nlo=e. hydroceJltiio*e. 
cellulose esters, etc.'— (r. Cellulose. Vol. II. 
pp. 45G— 474). 

CoUon ITcx. — The wax of the cotton fibre 
widek lies mostly on the surface, but afro 
appsrentlv embedded in the cell wall, b--.* t---cn 
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given the name “cotton vrax" bj Schimck^, I determined the amounts and characteristics of 
the wax renders the cotton incapable of absorbmg the waxes of cottons of different origin, some of 
water readily Lecomber and Probert** have] their results being 



Amount 
per cent 
on dry 
cotton 

Melting 
I>olnt or 
range 'C 

Acid 

value 

Saponi 

flcatloii 

Unsaponi 

tlatle 

matter 

Iodine 

Amencan 







Upland 

0 35 

805 

21 

70 

CO 

20 

Delta 

0 49 

76 5 

29 

67 

68 

27 

Mean of 12 samples 

0 44 

75 5-80 5 

25 

66 

64 

22 

Egyptian 







Uppers 

0 35 

78 6 

26 

07 

55 

20 

Sakellandis 

0 43 

77 

31 

81 

50 

— 

Mean of 7 samples 

0 39 

76 5-80 

27 

78 

64 

23 

Sea Island (W Indian) 
Mean of 2 samples 

0 51 

78 6 79 

215 

Cl 

Cl 6 

23 

Permian 







Tanguis 

0 29 

79 

23 

55 

64 

25 

Prazihan 

Pernama 

Jlean of 5 South 

0 54 

77 

35 

82 

63 

30 

American samples 

0 41 

70 5-79 

30 

71 

60 

26 

Indian 







Dengnis 

0 34 

C8 

40 

126 

43 

30 

Oomras 

0 30 

08 

38 

148 

41 

32 

Broach 

0 33 

70 

37 

120 

45 

28 

Surat 

0 42 

69 5 

39 

96 

61 

34 

Slean of G samples 

0 34 

68-72 

38 

121 

46 

32 


The Indian waves differ markedly in their 
projierties from the other waxes especially m 
their saponification lalue 

The specific gravity of all the waxes exammed 
fell within the range 0 970 to 1 005, each 
extreme value being for an Upland Amencan 
cotton 

Tbo cotton waxes*****' ** consist largely 
of free wax alcohols, chieflj gossypyl alcohol 
CjgH^jO, and montanjl alcohol C^gHigO. with 
small quantities of alcohols C5 ,h„o and I 
CjiH gO, andgl) cols, CnHgjO, and CjgHjgOg, 
in addition free acids arc present — palmitic and 
stearic — w ith smaller amounts of camaubic acid 
and very small amounts of gossypic and 
montanic acids, oleic acid and the acids 
and CsjHggOj Palmitic acid 
stcanc acid oleic acid, carnaubic acid and 
small amounts of higher ocids occur as esters, 
the fir>t three os glj ccrides and camaubic acid 
as a pliytostcrol ester Nery small amounts of 
by drocarbons and resinous substances are aho 
present m the wax 

Proteins of Cotton — The protoplasmic contents 
of the cotton fibre may l>c estimated from the 
nitrogen content for which the following values 
for per cent nitrogen have been obtained by 
Bulge** 

Arneriean Texas 0*2Ot, Long staple Upland 
0 201, Georgian 0 221 , Arizona (Egyptian 
seed) 0-3W 


Egyptian Uppers 0 2D1, Sakcllaridis 0 315 
Sta Island (W Indian) 7 samples range 
0262-0 200 Mean 0 278 
Ptrutian Tanguis 0 184, 0 210 Mean 0 200 
Brazilian Pemams0 260, Ceara0 221 
Knecht and Hall’® found values of 0 201% 
for Amcncan and 0 248 0 2C2,% for ^i^pti m , 
Higgins** found 0 180% for American and 
0 275% for Egyptian 

The phosphorus content of cotton has been 
studied by Gcako** with ranges and mean 
results as follows for per cent PjO 
American Texas 0 042, Georgian 0 044, 
long staple Upland 0 OCI Mean 8 samples, 
0 051 

Egyptian Uppers 0 077, 0 089 "Mean 7 
samples 0 094 

Sakellandis 0 134 , 0 117, 0 105 Mean 3 
samples, 0 119 

Sea Island {l\ Indian) 0 057, 0 008 Aloan 
11 samples 0 007 

South Amencan Peruvian Tanguis 0 54, 
0 63, Brazilian Pemams 0 077 Mean 6 
samplofi 0 068 

Indian Bengali 0 071, Oonirns 0 054, 
Broach 0 124, Surat 0 118 
Ash of Colton — ^The ash content of cotton has 
frequently bcenstiidied largherand Proberts’ 
results,** with those of others quoted by them, 
arc given at the top of the next page 
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-*■^- 111 ' Ti 

S:-zh * 

i -5 

l-t'-2-! 


1 3-1-9 

12 
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21 

— 

i 

o-S-1-3 
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I-2-I-7 
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14-1-5 

0 
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15-3 
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13 
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H-c rcr’ji:' c-f irivi^tirators are iiizh ^ sborr a lanre incrta=e in strength after ccercenja- 

loccu_-e tLcir cutt-'n fiS'r'--r= incJudM ?rnd and j tier. (r. Frs!;EiyG or Texitle F.iepjcs. this 
ezir. or Lid r.e; L-rjn <~n:pu!on.=h- tdeanoi • VoL, p. lS4f. 

i- der.s ti.-;- ash. seiiA— c-.xcevds Wlicn ojttoa is treated ’rdth a mixture of 
jh alkalirtitv sLo-?.— that, the ; nitric and snlphnrlc acidr. it is conrerted into 
r.n-.s in the fibre a.-e c.Licfiy salts idtro-celiclese or prn-cotton (r. EsritosrrEs). 


1 - 


Tar' a 

il 


c: CT 2 zrJ^ z 
pr.:'^pLr-*C'^ 


erds; snail caantities of chlorides. ' By <ii-;olrir.g pnn-cotton in a misture of ether 
and sniphate-s, r.f r-ota=sinn. ‘ and altohoL collodion is obtained (r. CsiirLOSE 
nd raagnesinn. and smaller ‘ LAC'jrESts VoL II. 46>;). Xitro-celinlose is also 
cnantitie-s of alnnininn. iro.n and copper > used rrith camphor to znzkc “edlchsd'’ (g.c.). 
art' present. ! AVLen treatai rrith acetic anhvdride in clacial 


cal: 




Cor-rer X 


c* i,e 


ta: 


".7 ■ o-:,'. — The 

tcrii! i'- Gcfi: 


coppr number of a . acetic acid solution, in the presence of a small 
it'd as th'^ '.reinh: in 1 quantity of sulphuric acid or other catalyst, 
pntns of ropt'cr rt-daced by If") g. of the .'ample j cotton Welds ci^lhdo-’-: r.riiaic" (r. CET.r,n. 0 SE 
from the curedc to the cuprou' state under iVol. II. 4G4d,). used among other things for 
standirdise-d c-or.dit:or.s. It *rr.ea.sures the con- ‘ making a synthetic textile fibre. Cotton also 
tent of redurinr cor-rti:uen:s corj=istiau of giu- dissolres in cuprammoninm fammoniacai cupric 
co'e and other Vagar-Iike substances. Any one j hydroxide), a solution abo used for making a 
type; of cotten nires a ranne of T.ilues of copper i .'ynthetic textile fibre (r. Fieses. .AETmciii}. 
numfc'.r. and the rannes fer diiTervnt types ■ 
orcriap. Gibbens and Geake •- gfire the foil'irr. i 
ing mean vulues of copper number for various i 
rav- cot 

Ar-irifcr. : Lonr staple Upland O-fiS : Georgia' 

GOT ; Texas ICd*. * 

Ecyr.iicr. ; UppersO-93; S.akcFaridb I-f4. 
iTdiar.: Benual 1-54: Oomra I-CT: Snrtee i 
2-25: Broach 2-07. 

Pirariur. Tanmfis 0-77: Smooth Per 
i-e-T 

P'caiiic:,-. Pemams 1-31 : Ceara 1-37. j lint is automatic-ally stripped on the opposite side 

Ar€*-cerit’rtion, — V~hen cotton is immersed t of the roller by means of a bar. Tins gin is par- 
in IS^i^ solution of caustic soda, the cellolose ! rfcnlarly suitable for long staple cotto:^. and 
swelb and fill' out its cnticular covering so t»small seeded cottons, and ac-cordinglt- finds a me 
that the fiattened tvbted tube, characteristic j in nearly all cotton-groydr^ c-oun tries. The chief 
of cottom is transformed 

convoluted cylinder vrith lit— .. ^ . 

canal. This transformation t'-as discovered by ! most up-to-date types. The sa .• gm is par- 
•John Ilerc-er in 1S44. and his name has since | tieularly suitable for the large seeded Arnencan 
been tnven to the nhenomenon. Practical use | tvp>o of cotton : in this ginfirom iO to SO ctrcular 
of it foSo— ed the dbeoverv bv Horace Lovre in . savrs (10 in. to 12 in. diameter), mounted on a 
ISG). that if the transforrnation mas carried out \ central shaft, pass betvreea steel nbs vnth only 

on ygra or cloth under tension, the material | small clearance on either sde; Lheseed co.i-on is 

became hinhiy lustrous. The material is either ) fed from above, the lint is seized by the tee^-h of 

?rc: 


Cotton Technology. 

12. CoxToy GntymyG ayo PEESsrsTG.'*'-’ — 
; Ginning consists of the separation of the lint 
' from the seed. There are two chief types — 
i roPer cins and saw gins. The roller gin consists 
I of leather dbes mounted on a wooden roUer. 
the leather roD-rr turns against a “ doctor ” 
i knife, the fibres clinn to the leather roller and 
ruvian i pass between it and the doctor knife, and the 
i seeds behtn unable to follow, are detached. The 


tute. cnaractenstic j m nearly aucoi:toii-gro>- 

into a simple un- f objection to its use is its low rate ofprodnctioii- 
littls if anv central ' being only up to SO lb. lint per hour even for the 


GT> 5 rc.t; 

liquid 

Corser 


m a state ot teiinon thmazhont the t the saws, the seeds cannot pass ^^h the gaps 
on. G”is allowed to shrink in the alkaline | between the rics and are accordingly det<iChed. 

ypeeb caieds necessary to ensure that no damage 
is done to the fibre by the vigorons action of the 
saw teeth. The lint is stripped from the saw 
teeth on the opposite side of the machine eithe 


nd afterwards stretched to its original 
nd kept so while the alkali is washed out. 
nd Tumer^^ have shown that the changes 

■ r'^e. T-fi'-TT nri tile: 


ot twist: in comrnercial practice two-fold V^rnsj by a brush actioa or_ by pneumatic meam. 
are commonlv used ofa low twist- and such 'vamsiTniereas the roHer gins work mdividuany. 



144 


FIBRES, 

modem saw gins are nm m battenes of four, 
the seed cotton being sucked pneumatically 
from the country cart i rect to feed the gin, and 
the separated hnt delivered pneumatically from 
the gins direct to the press The production of 
a saw gm is up to 400 lb bnt per hour Saw 
ginned cotton taken from a bale has qmte a 
different appearance from roller gmned cotton 
besides being generally cleaner owing to cleaning 
operations being readilj possible with the 
pneumatic convejing methods employed 
Tbo gmned cotton is made into bales in 
presses, usually in two stages — first to low 
compression bales (density about 10 lb per 
cu ft ) and then to high compression b^es 
(density 30-50 lb per cu ft ) In U S A and 
Egypt the low compression bales are made at 
the ginneries, the high compression bales at 
compress stations in U S A and at Alexandria 
m Egypt High compression saves transport 
costs, but adds to difficulties in spinning mills 
13 Cotton SpiNvn.o — The processes of 
cotton spuming derive from the quabties 
desired in yarns viz (1) a certain fineness or 
CQunia, indicated by the number of hanks each 
840 yards long that are needed to weigh 1 lb , 
(2) strength, (3) levelness (4) appearance — 


COTTON 

freedom from neps, or blobs of rolled up cotton 
fibres, and from foreign matter (small particles 
of leaf bract, stem, seed coat, etc ) All these 
qualities are borne m mmd throughout the 
various stages of processing that are necessary, 
but they are attained roughly m the reverse 
order to that given 

Thelughlj compressed bales have to be opened 
up (1) to separate off the foreign matter 
disseminated throughout the bale and (2) to 
separate the individual fibres so as to facibtatc 
their proper arrangement and to achieve regii 
larity and strength 

The chief divisions m a typical cotton spmmng 
null besides the office are — 

(1) Cotton room, (2) mixing room, (3) 
blowing room, for opemng and cleanmg the 
cotton, (4) cardroom, for carding, drawing 
combing the cotton and formmg roving 
(5) spinnmg room , (6) preparation room 

(7) cellar for conditioning the yam, storing, 
etc 

Opening and Cleaning — The high pressure 
used m forming the bales gives them a stratified 
form , in the spinning mill sheets of this bale 
cotton are peeled off by band and fed to a 
hopper bale breaker. Fig 2 , this machine has 
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a rising spiked lattice slightly inclined to the 
vertical which takes the cotton up past a device 
that allows part onlj of the cotton to go forward, 
to be penetrated bv spikes and struck by leather 
flaps, and then delivered as large lumps These 
large lumps arc often transported by travelling 
Lattices, or pneumatically through trunks to 
the mixing room, where stacks are built up in 
homontal strata of different ‘marks ofcotton, 
from which the cotton removeil uniformly 


from a vertical face so as to include the desired 
I proportions of the different “ marks ’ In 
iHjany nulls especially those engaged in making 
; the coarser and cheaper types of yam economy 
I IS secured by omitting the mixing room and 
I making the mixing direct at the ImIo breaker, 

I passing the cotton thence straight to the blowing 
{ room, so railed because in this room the cotton 
I IS drawn through a number of machines by means 
I ofstroQg air currents developed by powerful fans 
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heavy pressing of the cotton at the ‘ lap ends I 
18 this 19 held to defeat the very poipose of 
opening For this purpose single process i 
opening’ has been developed , a series of hopper I 
feeders and openers is linked tc^ether, mtb' 
electrical devices to control the passage of the , 
cotton through the vanous units so that baled I 
cotton is fed at one end and laps are made at- 1 
the other, with no handling of the material m 
between It is claimed that productions up to j 
40,000 lb per week and above are possible with I 
a single line of such machines and that the very 
serious irregularities ansing from human lapses) 
are avoided by its introduction i 

Wotkmg aloi^ qiute different lines, the I 
British Cotton Industry Research Association 
has introduced the ‘ Pneuopener an opening 
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maclune on the lines of the ' ‘ Shirley Analj ser ’ 
in which a taker m type of beater (see Carding 
bdow) of 15J in diameter, revolvmg at 1,600 
r p m , opens to a very high degree the cotton 
prepared on an ordma^ fyp® of opener, and by 
placmg it in a streamlined air flow accomplishes 
the separation of the hnt from the foreign matter 
Combination machmes on the same principle 
are in prospect 

The exact blowing room treatment given to a 
cotton depends on the type of cotton, the 
degree to which it is compressed and the amount 
of foreign matter it contains Though the 
severe beating the cotton receives is not so 
detrimental to the fibres as might be supposed 
yet the general practice is to give as httle 
beating as will serve the purpose in view — in 
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short, the extent of the treatment is what la 
necessar} and sufficient As a consequence, 
there is far more vanety among the blowing 
rooms of mills than m any other section 
Cardroom Processes — The cardroom proccssea 
are, with one or two very important exceptions, 
much less drastic in their action on the cotton 
than the blowing room processes the exceptions 
are carding proper, and combing, these two 
processes complete the final separation of the 
fibres from one another, which thereby run 
grave nsk of breakage 

Carding —The laps from the scutcher consist 
of tiifts^of cotton still contammg an appreciable 
quantity of foreign matter (Irosh) It u the 
function of the carding engine Figs 6 and 7, to 
disentangle the fibres of each tuft from one 
another, and to remove the remairung trash 
Carding proper consuts m passing the tofta 
between two carding surfaces, ie surbcee 


AIacqine, fed by Hopper Feeder 

covered with numerous fine wires set at an 
angle, with their points opposed to one another 
A tuft of cotton between two such surfaces 
moving in opposite directions may bo quickly 
disentangled and the fibres separated from one 
another Before the carding itself is done 
however, a final cleamng action is earned out 
by means of a taker m feed 
As the lap unrolls it passes between a feed 
roller and a specially shaped feed plate, and is 
then acted on by the saw like teeth of the 
‘ taker in ’ — a cylinder (9 in diameter) covered 
with wire set spirally in its surface to give 
8 rows per inch width with 4 teeth per inch 
along the wire The taker in revolves at some 
400 ppm, cotton on its teeth passes one or 
two '* mote knives ’ which help to regiove trash 
thence over the taker in gnd, to bo transferred 
to the mam cylinder, 50 in diameter, moving at 
160 r p m , and covered with card wire, » « 
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ijr^Ted st^I Trire_s4t sr an sugie. -yritli a 'fats are engactd in carding at any i 
snstty of 5*.fj to i5*J points per soiiare incii.i'Iie caxuinr surfaces are S 5 t ver;: 
ns sec-ond carding strrisee normnUy conststs or ' rogetiier (CMK>7 in.) and comDlste ths sen; 
chr.in of orer l<>j Sans — indiTidnai carding of ii;s fibres. Its cottcin emersini: 

O '- !oirg ovs~ tbs >> j dtn r.f I v. tlie cardinn surfaces nnsses or 

ngins (c-c. 45 in.) and only 1 in. in a fore and ^ slotr-ijjovnm card-rdre coTsred cvlinde 
rr direction. These fiats retolve slotrly to » ” dofigr.” 23 in. diameter, Sxim V rid 
scfiitnte cleaning, eacli Sat bsing in pcstion j snipped iy a fbst-KjstiHating doner cc 
.<',r cardimr for a'ojnt 3*' minutes; some 46 th^dofier-sreb thus obtained is pas-cd thr 
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creasing surface speeds Much effort has been 
demoted in recent years to economising m the 
process of attenuation, mth a certain amoont of 
success Except in due spinning, it is not nsnal 
to u«e drafts higher than 6, but m these ** high 
draft ” systems the draft may be 20 or 30 or 
more Such systems depend for their success 
on better fibre control durmg drafting operations 
For convenience of handhng, the attenuated 
products are given a shght tmst and rronnd on 
to a bobbm — processes which give nse to com 
plicated mechanical problems hut have no 
detrimental effect on the matenal 
Spinning — The spinning machme proper is 
the final machine used in the formation of the 
yam, and inserts the desired amount of twist in 
the roving, after its further attenuation in the 
spmnmg machine itself There are two methods 
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for insertmg the twist The first is by means 
of the mule. Fig 11 , this has a carnage which 
moves m and out about 5 ft , and which came< 
many slender spindles, revolving at speeds np lo 
12,000 r p m Eovings are placed m a fixed 
creel, and led to the spindles through 3 lines 
of dmfting rollers , as the carnage moves out 
wards roving is delivered bj the rollers and the 
revolving spindles insert twist to the de'ired 
amount , the carnage then moves mwa^d^, and 
the spindles revolve more slowly and wind up 
the ^un yam Twisting and winding are tins 
con«ecntive and the spinning process is inter 
mittent; the carnage mates a complete n 
and out movement a&iut four times per mimitf 
The mechanical control is such that the tension 
durmg twisting and winding is controlled to a 
nicety, making possible the spinning of soft, full 
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fleadstOct with 24 spindles (A full siz 

5 ama desired for weft, as well as very fine yams 
having rather low strength For these reasons 
the mule has for a long time held its ground 
fairlv well as a means of cotton spmnmg Again«t 
the developments of its formidable rival — the 
nng/rome,I'ip 12 This takes ita name from the 
flanged steel rings that encircle wooden bobbins 
or paper tubes monnted on spindles that revolve 
at speeds «p to 10,000 r p m , on the flange of 
each nng is sprung a small piece of steel wire 
rolled a ‘ traveller,” through which the drawn 
out roving posses on its waj from the drafting 
rollers to the bobbins The revolution of the 
bobbm creates a tension in the yarn which 
drags the traveller round the nng at a abghUy 
slower speed of revolution than that of the 
bobbin Itself, the difference between the two 
rates of revolution represents the number of 
coils of yam wound on to the bobbin Thus 
on the Ting frame twi«ting and winding proceed 


• mule may have 1000 or more spindles ) 

simultaneously and conlmuoudy Owms I® 
the tension inseparable from the method ot 
spinning, nng spinmng is not smtaWo for very 
fine of very weak varn" The same rea«oji 
makes it nece^iy to wind the vam on a muen 
larger diameter on a nng epmdlc than on a mule 
spindle, with the coniequenee that for a 
weight of vam the nng spmdle gives a miwh 
bulkier package than the mule 

It inav be noted that the tmst inserted m • 
jam rn»\ bo clockwise or anti clockwi«e, itnu 
cated respectively by the slope of the middl*^ 
the letters S and Z, the«e also being known 
weft way twut and twut way twist Z twist 
IS generally used for warp yams— commonly 
known as ' twist ’ —and also for the rovin?* 
msde in the carfroom , S txnst is generiuv 
need for weft 

The amount of twist inserteil depends on the 
purfwe for which the yam is intended, fine 
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used grey or coloured These three considera 
tions govern the choice of the preparatorv 
®^ery ease 

decided on economic grounds relative to t^ 
means available JIule weft cops are verv 

m'thrsVHl immediate insert^ 

in the shuttle of a loom, ring bobbins pims 
or tubes may be made small for this pu^ 
but then need frequent replenishing whichVjr 
loom without 

cUaculty, but otherwise may be expensive m 
labour costs For some purposes mule weft may 
be re wound on a high speed ivmding frame into 

coTof Whether the 

thf *3 recouped depends npon 

the actual yams used and the cloths bemg 


woven Warp yams— even grey warps— require 
much more preparation than weft 
In a fine doth there may be 3 000 or more 
^wdual warp yams, and in weaving the 
^kage of a smgle yam requires the stoppage 
of the loom for its repair, a comparatively lenrthy 
operation , such stoppages are mimmised by 
baking out the weakest places in a winding 
name, in which the yam from mule or ring 
twist IS wound on to double flanged ‘ warpers 
bobbins carried on vertical spindles As each 
yarn proceeds independently m this operation 
the breakage of any one jam under the tension 
ot winding merely results in the cessation of 
winding on a smgle spindle There are further 
'economic reasons for winding” the warp 



yarns Manj fabrics are of a standard tvi>e of 

■ ' a"' •'■rongb tie 
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[ o'^er a smaU roller to a ‘ beam —a 

wooden roller with large iron flanged ends The 

oeam ^ts on a large wooden drum which is 
power driven and in revolving causes the beam 
^o to revolve and wind on the 500 threads 
P^'Pose of the pins js to detect broken 
tlirea^ a breakage causing the pin to drop 
ana the machine to stop A self stopping 
measuring motion set beforehand, causes the 
iraroe to stop when the desired length has been 
1”° beam The four similar beams are 
p acea at the rear of the slasher sizer or tape sizing 
]•" machine the threads arc led for 
B J[ii *** a single sheet which is led beneath 
. . 1 . ^‘’‘'bmersed m boiling size contained within 

all ow box The threads then pass between 

«r rollers and thence on to the surface 

<hB T* steam heated cyhnders, for drying 
<i»> «*”**’. on leaving the cylinders the yams 
eparatcd from one another by means of 
^ding rods, and are then led through an 
^nding reed on to the weavers beam 
of sizing ingredients and their 
Proparation are given below in section 15 
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the loom stopping, through racchanism that obnou’^ly eminently suitnhle •where wnge rates 
acts on a battery of bobbins or shuttles at one are high and weavers scarce 
side of the loom, and inserts a new boblnn or When the •woven pattern is of greater eora 
shuttle as required \\ith this rebel a smgle plexit>, consisting for example, of diamond^ 
weaver may attend as many as 20 40 00 or honeycombs, spots, or small figures, and 
eien more looms inth considerable economy in requiring saj, I2-IG stales and repeating on 
total wages This Bjslem hns become veay 16 or mote picks the tappet method of shedding 
popular ui America in the hst 30 years and is becomes unsuitable, and a machine calkd a 
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fore woven V means of a different machine— i 
mventor. In tiu^ machme provision is still made I 

from a aS" 7 & 75*1*°-“ 1 

1 7*1 '•, iiaving a central eve 

throngh w^ch the warp thread passes - twhie 
k aftached to the top and bottom of the mail 

In^ ^ as a weisht, whflst the ' 

ve^Lir™'" TOnnected to a cord that passes 
veracallj npwa.^- through a hole in a board. 

n"^T% \T^ and k then Zt 

^ Ff^ '^ord— the neck cord ! 

v^Vk o' ,^'^ 7 -™™e«s the innetion of these cords ! 
^th a hook on the Jacqnard ( 4 , Fiv. 17) - the 

W I 

of mads by the Jacquard 
perforated cards 
tned to detemime the selection of mails 

so ^ ®ach pick. 

- thaL a. pattern of many hundreds of picks ■' 

req^as many cards ; these are expensive in i 
have T various inventions 

unlflv. redncmg to a minimum the 

n^ter of cards, and even reducing their size' 

^av^l“^ T the speed of the 

weavmg. Jacquards are made in various sizes 
^^g from 100 to 600 hooks. The number 
represents the number of staves to 
size Kn' ^ is equivalent, a common 

rei^arin/ for large 

4W« ^ machines, e.g. two 

^IW s may be used (Fig. 16). 

Fiv ^ Jacquard is illustrated in 

at ]■ nl'c wire needle with a loop 

2d ' a perforated board 2 at one 

the other end fr looped and presses 
a'^nTt ^ ^oop 1 eontrols 

itsri 2 T!^^°*.^^ 7 ^•■ ^ ’’ont as shown at 

b^?^ in f^^o^er end resting on the bottom 
of w ^ “Of ^od. A number 

wbiVl. blades, on a frame, form a crriffe 5, 

the lowered every pick- 4en 

aboirf 1 ^ lower position the blades are 

hook * 7 ^’ l^low the turned-over portion of the 
loon ne^e is pushed back, its 

the crrif? hook sh’ghtly aside, so that when 

ton of tlf blade misses the turned-over 

do tko ^ boo^ and the hook does nol rise, nor | 
n»edJe;?^ '' If oontrols; but if the! 

ca^ fl^o blade does 

™ i^e top of the hook, which it lifts as it 
eff^fed of the needles is 

one ^ perforated cards ; for each pick 

“ cvlinrlc ° sqnare-section prism (the 
ail the Tif^i presses a card against the ends of 
inthpMrvi -itf’ ^bere holes have been punched 
pasi tJiro ' "u ^ of the eorrespondins needles 

2^1 ^0^®®- ““J fbe hook they 

Criffe Jl:^Pl^re^ but are lifted by tbe i 

to tbpn,*.-^^^ '^fb no holes punched opposite 
tbe coTTP-rJ-^j-*^^ pnshed to one side, and 

lifted b\- books are displaced and not 
in Fi-r "i- shown for alternate hooks 

iusgji^ fbo shed is formed and the pick 

of thp T^^b® ojcle is completed bv tbe removal 
oause card, when the spiral springs . 

needles to revert to tbeir original j 
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Fig. 17. — -Acnox of .4 JACQr.vnn. 
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j>o'ition«, the gnffe de'cend*, and \rith it, bj 
the action of the Imgoee, the hooks that it lifted 
\nofher cycle for the next pick then begins, the 
next perforated card being presented to the ends 
of the needles, the netr ehed is formed, the pick 
IS inserted, and so the figure ireanng proceeds 
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FIBRES, VEGETABLE. Ctassi^hon. 
T egetable fibres are mo«t aatufactonly c1a*sified 
according to the part of the plant from which 
they are denved On this ba^is there are three 
groups, as foUows 

(1) Bast Fibres or Stem Fibres, obtained from 
the fibrous strands which occur m the inner part 
(bast) of the cortex of the wand like stems of 
! certain dicotyledonous plants The«e fibres are 
I normalli extracted by retting, followed bv 
mechanical or hand treatment Increasing 
attention is, however, bemg given to mechanical 
and chemical processes as alternatives to retting 

I Flax, hemp, jute, BunLpatam jute, sunn hemp 
and ramie are the most important fibres of this 
class 

(2) Leaf Ftfcres, extracted from tbe leaves or 
. leaf structures of monocotyledonous plants. 

I The fibre is normally separated by purelv 
mechanical processes mvolving the cnishing of 
tbe leaf and the scraping of the leaf tissue from 
the fibre strands 

The chief leaf fibres of commerce are Manila 
hemp, SisaL henequen, Phoimium (Kew Zea 
I land ** flax ’ ), Mauntios hemp, piassava and 
j other brush making fibres, and erm vegetal 
(3) F’lhres from Seeds and Fniils —Cotton, a 
true seed hair, falls in this group, as also do the 
flo«!se8, eg kapok (actually kapok fibres are 
attached to the capsule), eiraul and akund As 
the seed hairs exist naturally in the free state, 
the sepiration of fibre from seed is all that i* 
needed for their isolation 
Coir obtameil from tbe fibrous hu*k of tbe 
eoconuC is another important member of this 
I class of fibres 

Commercially, fibres are classed as ‘ soft” 
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:ind the Liral varieties fth“ J-^rtpr- h-n-r,- i, 
prodnc^ bv the Linen Industrv E^earch is=oc’^ 

^non.^tnbeg, XoAhem Irelandr'wi^^^H 

i>0/o more fibre per acre than the ordhiarv 
eternal vanerfe. The cnltivation offes 


[Biochem. 


„ Cl. Vi — ui. Lue cenmose 

n the fibre. The iotv-.vv-lan group, uith under 
>/p of calculated on the cellulose, com- 
the high quahV textile fibres, trhereas the 
tores ot oaarser type, culrninatin 2 in the hard- 
vooos and strav=, are found in the hii^h-xvlan 

e^mined 

..lelded «JnIose trith benveen 6 and 13°: of 
'-c^^ established that the de^nee 

of h^cabon gave no indication of the tvpi of 
cellnlose to be laet trith. ' ^ 


7 “r standard hard fibris 

^ soft fibres all bast 

0^5, L_e Dotanical snd the commercial cLi=^- 
cations correspond. 

Cheraicallv, vesetable fibres are mmTv-=^ i *^°™meraal varieties. The cultivatic 
reUdose associated trith various amouiri^ of I difficulties. The seed 

Itgmn, pectinons substances. heniiceIlnlo=e/ 1 grovm in almost tnv 
Trom the analvsis of a lai^e numb^ ’ soil that is ^ither excessively light noV 

of diSerenr ve^etabl^ fibres a C~ Vnrm i heavy. The crop takes' about JJ. 

- ' J. 1930, k S' mi '31 [S wHk‘° “ »">" oK.™ .io 

l^comfc fuEy npe. The plants are harvests, 1 
by pulling, either by hand or bv mPsns of 
mec^nical flax pullers. If the s^ is to Ik 
sav^, as is_ frequently the practice, deseedin-^ 
^ earned out br dra'iviiis the head^ 
of the stems throngh coarse ripplinE combs which 
remove the seed bolls. Jlechanical rippere mav 
now be employed. 

_ Retting, the next very important stase in the 
plation of the fibre, has for its pur^s» the 
loosening of the fibre strands from the central 
woody core of the stem, so that, in the subsequent 
^ processes, the fibre may be separated from the 

on the d.Vpkk-o V“^- ecaciioiis ana stem with the mmimum of breakage waste a^d 

of^o ^Wt?fib™'^-^“!l'= character- 1 loss of strength. Sub-divisiorof t^l^J 
cells of ^^eh the Ire I ^Lo foDow as a result'of 

S5or4£sk^ to Heermann aTd L^'tffintJ tSl 

Xe 77 Yorh,^ t immediatelv under the cortical layer 

5^Ar?p tT ' ivelanev and G. 0. ; and surrounds the yroodv core. Ordinary ret- 

tentative m^e-h.^- \ ‘ processes consist essentially of the fermenta- 

/?T tor the identification of textile ( tion of tbe -noeHTinnc ynofci-ioi +i,« — r.ui. 


i-ntative merhods for the identiScarion of textile 
® ^-S-T3L D276-37T (Proc. Amer. 
^-^Testmg Materials, 1937, 38, 1174) are of 
fiance m the identification of the commoner 
vegetable fibres. 

BAST FIBRES. 


Play 43T, • T - ' j hbre strands from the TToody core and &om eac 

of fTio ^ ^ obtamed from the bast ■ other is easily effected. SWeial different sy; 

me stems of the flax TiTc.nf r^nirrr, . 


^ S i- - — — .1.^. v/i bUb 

tion of the pectinons material of the middle 
lamellffi joining together the thin cell walls of 
the soft bast. _ This is efieeted by micro- 
organisms, especially Granulobicler piciinovorum 
{=Amylob<icicr piclinovonm), naturally present 
, on the stems. Alter retting, separation of the 
I fibre strands finm the woody core and from each 


Oi the Emms of the flax plant, lAnum irsiV'riis- 
Earn. Linaces, Linseed oil is derived 
^m the seed of the same plant. The varieties 
gro^_ for oilseed have, however, difiefent cha- 
fi^re flax plant, thev are 
tiv^ed chieSy in warmer conntries,* e.o. 
c^ritine, India and Xorth America, and do not 
. - a valnahle fibre. Flax is grown for fibre 
conntries, notably in Russia tbe 


terns of retting are practised : 

Deer F.iiiing . — Ibis process, which is very 
commonly employed in Russia, and to a certain 
extent in other countries, consists in spreading 
out the freshly pulled straw on the grass in 
meadows and leaving it exposed to the action 
of the weather until it is sufficiently retted. 
The straw may be turned from time to time but 
otherwise receives no attention. Dew retting 


, counm&i, notably m Kussia the ! otherwise receives no attention. Dew retting 
piwucing country, and in the Baltic | is the cheapest form of retting and the simplest 
land^ Belgium, France. Germany, Hoi- i and easiest to carry out, but dependence on 

of fl -Northern Ireland. The chief uses f climatic conditions renders the method incapable 
are for the manufacture of linens, for j of control and uncertain in result. IJnder ideal 
ranvases capable of resisting exposure 1 conditions, however, a first class product 
hard usage, e.cr. sailcloth, tent-doth, tar- ' 


^ I — =<iiic:ioLu, tent-ciorn, rar- 

^uii^ ei.c., and for the production of stronz 
. *®^us and twines. Linen rags and cuttinss 

material imparting 
'1‘' 7 =^n 2 nd ‘ wetness ■' to pulps in which thev 
am mrorporated. 

CiJti^iori and Prepamlion of ihe Fibre . — 
■f ^ annual which reaches a height of 
,.•1 j'" * The plant consists of a single 
usually devoid of side branch^ 
bo those bearing the flowers, which may 

- ei her blue or white according to the variety, 
recent plant breeding work has now made avafl- 
® der. strains, such as the Stormont varieties. 


■r^ 

Under ideal 
can he 


obtained. 

ITater Betting . — There are two different 
methods of water retting, Irish dam retting and 
Courtrai, or double, retting. The Irish method is 
carried out by the ffirmer who has grown the 
crop. Bundles of the straw are packed in a 
dam or pond, are sunk by weighting with 
stones, andare left to steep. From 9 to 10 days’ 
retting is usually required. The Irish method 
has the disadvantage that every small cultivator 
produces a slightly different product and the 
spinner is therefore supph'ed with a large number 
of small and varying latches of fibre. 

The Courtrai system of double retting in the 
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Extraction ^ith 70% alcohol separated the 
“ Hydratopektin " into 65% of hexopentosan 
(galactan hevnlosan xylan diaraban) and 45% 
of the CaMg salt of Pektmsaure (not identicil 
with other workers’ pectic acid, Ehrlich’s 
nomenclature is his own) For 1‘ektinsiure, 
Ehrlich and Schubert suggest the fonnula, 
CigHegO^g, corresponding to diacetyl arabino 
xylo galacto dimethoxyl tetragalacturonio acid 
S T Henderson (JCS 1928, 2117) used 
the ammonium oxalate extraction nteiliod to 
isolate the pectin and assigned to flax pectic 
acid the formula (CgHigOg 4CgHjOa— H jO)m 
galactose totragalacturonic acid Ihis con 
elusion was criticised hy Noms (Biochem J 
1929, 23, 196) who supported Nanji, Paton and 
Ling 8 well known galacto arabmo tetragalactur 
onic acid ring formula for pcctio acid on the 
grounds that the yield of furfuraldchyde from 
tiax pectic acid was too high and the uronic 
acid content too low for agreement with tbo 
requirements of Henderson s formula It has 
since been pointed out, however, by Noms and 
Resell (i6id 1935, 29, 1590) that Nanji. Paton 
and Ling’s formula was baaed on an incorrect 
value for the yield of furfuraldchyde obtainable 
from uronic acids In view of the incomplete 
ncaa of our knowledge of the chemistry of the 
pectins, any attempt to assign a formula to flax 
pectin must, at present, bo received with 
caution Neither Henderson nor Norris con 
Armed the presence of xylose or acetic acid 
among tho hydrolysis products of flax pectin 
and It seems dear that the material investigatcil 
hy Ehrlich w as not identical with that examined 
by other workers Tho xylose he obtained may 
have been derived from partially hgnified tissue 
associated with pectins m the cell wall 
Tho constituents of the cell wall of flax fibre 
have been investigated by Schmidt, Haag 
Abelo and Sperling (Ber 1925, 58 [BJ, 1391). 
who treated tho flbro with CiOj and 
Na^SOj and put forward tho hypothesis that 
the incnistants aro esters of a phenolic sub 
stance and polysaccharides united by the car 
boxyl group of galacturonic acid A B Cosh 
more (J C & 1027, 718) examined mcthanically 
separated fibre which had been waHhetl free 
from extraneous matter, extracted with ahohol- 
Ixnzenc, freed from jicctins with ammumum 
oxalate, and from free hcmicclluloses with told 
4% NaOH The purified fibre had an a 
cellulose content of 82 8% and still containcrl 
15-10% of material soluble m NaOH, 
most of which, since the middle laiotUa. con 
stituto only a small percentage of the weight of 
tho fibre, must ho present in tho cell walls 
Hydrolysis with 1% H,SO« at 13(>-140®C 
yielded a roirturo of sugars among which 
glucose, galactose, xylose and fucoso were 
identified Treatment with water at 140- 
IW’C produced about 4% of hemiccllnlose, but 
there still remained in the fibre shout 10% 
of material soluble in Ijoiling, dilute NaOH 
Cashmoro concluded that tho non rcllulosic 
portion of flax fibre is composed of a hemi 
— ceUttloee, bound to tho cellulose cither by w 
lie linLago or by means of tho carboxyl' 
the" uronic anhydride group” together with 
ore firmly hd 1 matmal of unestablished con 
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stitution Henderson (1 c ) isolated 2% of bcmi 
cellulose as a MgCa salt and about 6% of a 
hexopentosan by boiling flax straw with watei 
under pressure 

BiUtography — In addition to tho references 
cited in tho text tlio following authors may be 
consulted I ToWer, " Dor Ilachs als laser 
und Olpflanzc,” Berhn, 1928, \V Kind, P. 
Koenig, M Muller, E Schilhng and 0 Stem 
bnnek, ’'Der Elacha, Abt I, Botanik, Kultur, 
Aufbcrcitung, Blcicliorci und Wirtschnft dca 
Ilacliscs,” Bcrhn, 1030, G 0 Soarle, J Text 
lost 1938, 27, ri07, W H Gibson, J Roy 
Soc Arts, 1033, 81, C65 

Hemp — Common or true hemp, Cannabta 
solita, may, hko flax, bo cultivated cither for 
fibre or oilseed, v HEMrsEEO Oil Tho plant is 
grown m Eastern countries ns a source of 
narcotics, e g hashish, bhang Confusion has, 
unfortunately, arisen from tho usa of tho word 
hemp in the names of other distinct and com* 
plctely different fibres such as Sunn hemp 
{Crotalana juneea), Manila hemp (Jlusa (exhha) 
and New Zealand hemp (Phormium) True 
hemp IS strong and durablo and more closely 
resembles flax than ony other fibre, indeed, 
licmp is often used as a substituto for coarse 
flax For many centuries it was tho chief rope 
making fibre but has now to a great extent boon 
displaced by Manila hemp for this purpose In 
other Holds tlio position of hemp lias clechncd 
in favour of )Uto w'hich, although weaker and less 
durablo, is cheaper and more easily spun 
Sunn hemp is also a serious competitor Hemp 
IS now employed mainly m the manufacture of 
strong twines and threads, net twines, carpet 
warp, canvas, sailcloth and ropes of high 
quality The tow is used for tarred oakum and 
for packing pump, engines, etc Hemp is also a 
usem paper making material teaching tho mill 
m tho form of rags, old ropes and cordage, etc 
It 13 used in good quality wrappings and, hy 
reason of tho ease with which it fihnilatcs, it is 
specially suitable for thin papers, e g cigarette 
tissues and India printings According to 
Dewey and McmJJ (U S Dept Agnc Bull 40i, 
lOlG) hemp hurds, t e tho fragments of woody 
stem separated from tho bast in scutching, aro 
suitable for the manufacture of printing papers 
when treated hy tho soda process Tho I’omilio 
(chlonne-soda) process of pulping is claimed to 
give gomi results xviUi hemp straw 

The more important hemp producing countries 
are Russia, Italy, Jugoslavia, Rumania, Poland, 
Hungary and China The plant, which can bo 
grown on low moorlands too infertile for most 
othercrops, is a dioecious annual with a straight, 
undivided 8tcm, from 0 to 10 ft or more in 
licight The female plant matures later than 
tho male, a fact which has proved a difficulty 
fn the mechanisation of harvesting Tho fibre 
is obtained from the straw by water retting or 
dew retting m a manner similar to that u«pc1 in 
(leshng with flax After retting the fibre is 
dried and scutched The separation of tho fibre 
from tho straw by mechanical means is I»emg 
practised (green hemp), hemp lends itself to 
this process more readily than docs flax 
Cottonuation has now reached the stage of 
commercial production f Levi (I8th Inter 
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inoistute (New Zealand Dept Sci Ind Kes , 
8th Annual Kept . 1934, 17) 

Bibliography — II 11 Atkinson, Phormlum 
Tenax, 'Iho New Zealand libro Industry, Now 
Zealand J. Agric IWl, 22. 81-8C, 203-216,283- 
289, 347-350, 23. 103-107, 293-302, also 
available ns Now Zealand Dept of Apno Bull 
No 95 (New Senes), 1922 , E Qoulding, 
“ Cotton and other Vegetable 1 ibrcs,'‘ Ijondon, 
1919 

Sisal and Henequen — Sisal fibre is denved 
from the leaves of plants of tlio Agaao familj 
(Eara Amarjllidacet!), in which it oeetira either 
ns serving a purely mechanical function or as 
eociated with the vascular bundles The fibre 
strands run longitudinally through the leaf and 
vary in length from a few inches to tho full leaf 
length A leaf of A aisalana contains approxi 
niatcly 1,000 fibre bundles Tho morphology of 
Agavo fibres and their distribution m tho leaf is 
described by F J Nutman (Empire J Lxp 
Agric 1937, 6. 76) 

riio Agaves aro indigenous to South and 
Central Anieriea but have been successfully 
introduced into most tropical couiilnea Iho 
chief sources of comrocrcnl supply aro Mexico, 
Tanganyika, Kenja and tho Dutch East Indies 

Mexican sisal or henequen ” is obtained 
mainly from Afiravc fourcroyJea, but other 
varieties of Agave occur m tho Mexican planta 
tions— a fact whicli is held partly to accouiit 
for tho variability of the Mexican fibre Fast 
African and Dutch East Indian sisal aro derived 
solely from tho leaves of Agava awnlrtno Blue 
sisal, Agavt a new species dis 

covered at the East African Agricultural Ro 
search Station, Amani, has. however, atlmctcil 
attention by growing more quickly andyiclding 
a longer and finer fibro than sisnlana Com 
mcrcial production of this fibre m East Afnea 
niiw bo expected 

Cfiilliiyilioji*— Tho Agaves aro verj liardy, 
Jjttio subject to disease, niul capable of being 
grown on soils unsuitable for most other crops 
In East Africa A aiaalana takes about 3 >ear8 
(o reacA maturity 6y wAicA finio fts tAicA, 
fleshy, tapering leaves have reached a length of 
3-C ft After ft period of leaf prodiirlion, 
which vanes according to soil and climatic eon 
ditions, the plant sends up a tall (lowering stem 
or “ pole,” which blossoms and soon allen'nnia 
withers and dies Viable sceil is rnrclj pro 
duml and propagation w entirely vi^efntnr, 
being cfTectod either bj means of suckers or by 
‘ bull d<,’ emnll plants which are produced in 
largo numlicrs m tho axils of tho bracts on Iho I 
dower stems 

As cultnated m 1 ast Africa and tho Dutch 
Fast Indies, sisal is ewntiallj a crop for very 
Urge, highlj mechaniscil plantations Tho 
leaves aro tirst cut when the plant readies 
raaturitj, 1 1 when, in East Africa, it is J or 4 
^■eare old, and siibscqucntlj bicnniahj During 
Its lifetime a plant maj bo cxpectcvl to produce 

4-300 leaves yielding 3-4% by weight of 
Cutting of tho leaves is continuous 
throughout tho jear 

As tiiej aro cat, the leaves are transported on ft 
light railwav to a centrally situated factor} 
where decorticating machines mechsnicaU} ex 


tract the fibre from tho pulpy leaf tissue A 
current of water passing through tho macliino 
simnltnticoiisly wnslies tlio separated fibre and 
awcops away as fiumo waste tho leaf tissue and 
tho fibre too short to bo retamwl in tho machmo 
Tliorough washing is iiecesaarj m order to pro 
eervo the colour of tho product Tho Imnkji of 
fibre are dried either by hanging in tho sim or 
byiaeansof an artificial dryer, tho latter method 
being usual in tho Dutch East Indies for 
ebmatio reasons Tho dried fibre passes to 
brushing maehinos in which adhering leaf tissue 
U temoved and tho fibro combed, straightened 
and generally improv cd m appearaiico 1 inally 
tho sisal 18 baled under high prcssiiro 

Tlio cultivation and extraction of henequen 
fibro follow similar lines to those described 
above Less attention is paid to detail, however, 
and the fibre js, in general, rather more vanablo 
and infcnor Iho plant ililTcrs from sisal in 
having a considerably longer hfo but its annual 
loaf production is lower lor details of tho 
Mexican industry referonco Bhoiild bo made to 
'H T Eduards (US Dopt Agric Bull No 127-1, 
1924), and to V A lleko (rasetforschung, 1031, 
9. 118) 

Tlio profitable utilisation of tlio various waste 
.products of tho sisal indiistr} has been tho sub 
jecl of soveral investigations 

Decor/iMtion H'aste — Of overj 100 tons of 
leaves conveyed to tlio factory about 3 tons is 
fibre ami 97 tons is waste Tlua waste material 
is usually a sourco of embarroBsment On 
account of its high acidity and its sugar content, 
it cannot bo retiirned direct to tho land Most 
frcqwentlj it is either dumped in a riiviuo or 
run into a stream winch is thereby Boriously 
polluteil On soino estates it U burned in tho 
factory furnaces Iho colonfio valuo of tho 
waste and various methods of burning it are 
nototl by r W Frciso (TVopenpflanrer, 1971, 
37, 419) On incincmtion it will give ll-iS^o 
of ash which may bo used ns a ft rtiliser, Com 
posting experiments liavo also given promising 
results S 0 Ijijicll (lust African Agne J 
iGSr, S fV/u’eserificxft seilcino wilcrofiy agrufatf 
tho end of the factory fiumo retains tho solid 
matter, vrbieh is converted into humus by com 
posting, whilst tlio liquid waste is led away niid 
iiseil for irrigating food crops Tho decorticating 
mnciiines fail to retain about 20% of tho fibre 
m tlio leaf nml recovery of this, mnmly short, 
fibre, in tho form of fiumo ton, may bo practised 
llumo tow recovery in conjunction with com 
posting would have tho advantage of removing 
from tho material which goes to tho composting 
boils that portion of it most resistant to ileenj 
IVipor making trials on tho dried waste (Bull 
Imp Inst 1930, 28, 422) show that a good yield 
of strong, long fibred pulp enn bo obtained from 
It by a mild soda digestion Pro treatment of 
tho material to removo os much as possible of 
tho non fibrous tissue is necessary Attention 
has also been dirccteil to tho possibility of pro 
ditctng ftlcoliol either from tho sugars containeil 
m tho juieo of the leaves, or by tho hydrolysis 
and Bubscqiicnt fermentation of tho cellulosie 
constituents of tho eohds in tho waste Die 
sugar content (1— I 75'’o) ‘‘f Afncnn sisil 
i leaves is too low for commercial utilisation 
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(Empire J Expt Agnc 1937, 5. 100) found an 
average tensile strength of 791 and 854 g and 
an average fineness (in mg per 10 cm length) 
of 2 29 and 2 16 respectively 

Mauritius Hemp — ^Mauritius hemp isaleaf 
fibre denved from Fvrcraea gigantea (Pam 
Amar^ Uidace»), a plant -which resembles the 
agaves in its gro-wth and habits The plant can 
be grown in most tropical conntnea but the 
fibre 18 produced in commercial quanti^ cduefly 
in Mauritius The tonnage exported fluctuates, 
infcreasing mth a rise in hard fibre prices but is 
seldom very large 

The fibre is obtained both from wild and from 
plantation grown plants It is extracted from 
the leaves mechanically in small machines 
steeped for 36-4^ hours in water containing J% 
of soap thoroughly washed, sun dried, hrush^ , 
and baled The yield amounts to about 2% 
of the weight of the leaves 
In general properties Miuntiws hemp re 
sembles sisal but it is usually longer, finer, softer 
and weaker Locally it is manufactured into 
twine, coarse Cloth and bags for the shipment 
of sugar The exported fibre is used for cordage 
and for binder twine and sometimes for admix 
ture with other hard fibres for rope manufacture 
Piassava — Piassava is a long, stiff, wiry 
fibre obtamed from the leaf stalks of certain 

? alms Bahia piassava (Allaka /umfera) aud 
ara piassava {Leopold\nta ptassata) exported 
from Brazil, West Afncan piassava den\ ed from 
Jtapha epp , and Madagascar piassava from 
Dtelyosperma Jiircsum constitute the chief com 
mercial varieties The fibre is obtamed by a 
prolonged retting of the stalks and the value of 
the prwuct depends on such qualities as its stiff 
ness and colour Piassava is used for making 
brooms and brushes of various kinds and for the 
manufacture of baskets 
Raffia — Raffia (gardeners bass) » obtained 
chiefly from Jladagascar and consists of tbin, 
flat, dbrous strips denved from the surface layer 
of the leaflets of certain palms {Raphia epp ) 
The best quality raffia is four or more feet in 
length and >ery pale m colour It is used in 
horticulture, for hat making, and in nnmerons 
handicrafts 

^IiNOR Leaf Iibres — A mong leaf fibres of 
minor commercial importance may be men 
tioned Mexican fibre (i4ga« Titltmcanlha) a 
wirj fibre o«ed as a substitute for animal 
bristles in the manufacture of cheap brushes, 
*' bowstring hemps ” {8anaetierio spp ), used 
to a limited extent for cordage and upbolsteiy , 
kitui [Caryota vren^), employed in the manu 
facturo of brushes and, in upholsterj , as a sub 
stituto for horsehair , palmyra fibrefftorossus 
Jiaheltifer), nl<o mainly used for brush making. 
And crln vegdtat, obtained from a palm, 
Chaniarrop* hurnihf, and used as a substitute for 
horielnir 

Bromehaceous fibres, eg pita {Brom<ha 
tnojdafcnsr), caroa (Aeojia.iona varugala) and 
pineapple fibre arc a group of potentisll> valu 
al lo fibres, the exploitation of which awaits the 
invention of A suitable decortication machine 
B\lhotjmph<i — .T M Matthews, “ Tlic Textile 
Fiber*’ New \ork. 102t . C R Dodge, •• U-ofnl 
I iber riantsofthe M orld, W aslungton. 1897 


FIBRES FROM SEEDS AND FRUITS 

Coir (Vol III, 258o) 

Cotton (this Vol 135) 

Kapok — ^Kapok is a floss attached, to the 
inner wall of the frmt capsule of Ceiba ptnlandra 
(;=ETU>dtndron anfracluosum), a tall, gaunt tree 
grown chiefly in Java and less extensively in the 
Philippines, India, Ceylon and Malaya 
CuUtvatton and JEreparation — ^The trees are 
seldom systematically cultivated and in Java 
they are mostly grown along the sides of roads 
and between fields The trees come into beanng 
when they are 3 or 4 years old and continue to 
yield fibre for many years The pods are either 
gathered from the tree as they npen or are col 
lected after they have fallen to the ground 
Roughly 100 pods are required to produce 1 lb 
of floss and a mature tree may be expected to 
yield from about 350 to 600 pods annually 
After the pods have been further ripened and 
dried by exposhre to the sun the husks, etc , 
ate removed by hand, leaving the floss and the 
small, round, black seeds that are embedded in 
It Since these small seeds are not attached 
to the floss but merely distributed among it, 
their removal is easily effected, cither by the 
use of small “ ginning ’ machines or simply by 
sprea^ng the material on a table of wire netting 
and beating it with bamboo canes until the seeds 
fad through the meshes 
Description and Proptrlies — Kapok is com 
posed of fine, silky, highly lustrous, unicellular 
fibres varying from iO to 40 mm in length and 
20 to 30p in diameter The fibres, whi^ taper 
to a point at their free end, are smooth surfaced, 
circular in cross section, possess a wide lumen 
and an extremely thin cell wall approximately 
1-1 5p m thickness 

Chemically, kapok differs from cotton to 
which It IS botamcally related, in containing a 
much lower percentage of cellulose, 67’47% on 
the dry material, and a high percentage of 

r ntosans A number of samples exammed by 
J Hansma (Chem Weekblad 1930, 33 020) 
gave values of from 23 5 to 29 0% for the pen 
tosan content of genuine kapok A pentosan 
figure falhng within this range is not by itself a 
suRicient proof of the purity of a sample The 
commonest adulterants of kapok are cotton 
waste, wb ch has a very low pentosan content, 
and akund, which contains up to 35% or more, 
and It is evident that a sophisticated sample 
containing both these adulterants might give 
an apparently normal pentosan value The 
adulteration of the material can, however, 
be detected by a buoyancy determination for 
which Hansma describes an apparatus Pure 
kapok shows onlj a small diminution in buoy 
ancj after 24 hours, apunous or adulterate 
samples arc revealed by a low initial buoyancy 
and a marked drop in 24 hours Thu test is also 
of vaino m distinguishing fietween new anil 
secondhand kapok According to Moskowitz, 
Lnndes and Himmclfarb (Amcr DjestufTRep 
193G. 25, 220), unased kapok has an anunonia 
content of less than 0 030^o and a urea content 
of IcM than 0 015% and figures in excess of 
these quantities arc definite evidence of the 
sample being i^cond hand A microscopic 
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for if fichfehto were pcrliydroreteno the decos) 
position 'would have proceeded thus 

CigHsj (fichteJito) ->CjgH,8+7Hj 
They conclude that fichtelito has almost ce^ 
tamly the formula C.jH.g npd the structure of 
ft dimethjilsoprojylperilydxophenanthrene in 
which the only uncertainty la the position of the 
Me group split off on dehydrogenation Croiv 
foots(JCS 1938 1241) molecularwcightdetet 
minatjon of flcbtehte by X ray analysis and 
density determination supports the formu]-v 
CijHjg although other observations in the same 
paper do not discriminate between the tuo 
formul'u 
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FiCOCERYLIC ACID, the name given 
to the acid obtained on saponifying tho uav 
(Gondang wax) from the leaves of tho wild 
fig tree by Greshoff and Sack (Rcc trav 
Chim 1901, [ii] 20 68) was shown to 

be impure palmitic acid by Ultfie (Phnrm 
Wcekblad 1915 52 1097 

‘'FICUS1N”v rio 

FfCa /’iciia eartea L fig trees grow wifcf 
m Mediterranean districts and the fruit is an 
important article of diet The fig is cultivate 1 
in Indiia China and California Many varieties 
differing in colour and size of fruit nre known 
The fruit is eaten fresh dried or preserved 
The pulp forms 50% of the weight of the whole 
fruit and contains large numbers of small bard 
seeds constituting up to 10% of the weight of 
tho fnut Certain varieties produce sterile 
Oowers but develop well formed seedless 
fruit 

I^pical anilyses given in percentages are 
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a 04 

74 2‘ 

17 0 

8 14 

26 2 



28 1 

12 1 

126 

Acid (as citric) 

0 17 

021 

0 57 

__ 





0 23> 



0 16 

0 17 

Sugar 

155 

10 8 

— 

16 2 

54 

26 I 

90 






Fibre 

— 

1 17 

— 

1 3 

58 

80 



65 6 

09 

09 

Ash 

0 58 

040 

24 

07 


25 

041 

1 71 

04 

03 


‘ Inclidps fibre * \d(l as malic 

rAmcHean types tCoIby Itep Agnc Fxp SU Catlfornla 183 i) 

II Italian grown {lahd o lUocicm Z lOIO 24 ^63) 

III I (ryptlitt varieties, XiadUn (Ann taWf 10 7 20,48t) 

JV -MUleirffl/ (HawiHAsilc. ^jp su BuJi 1037 «o 77 00) 


According to Tra ibo and J raps (Proc Amer 
Soc Ilort Sci 1928 300) magnolia figs contain 
total Bohds ir 8 protein 0 7 sugar XI 8 fibm 
1 0 an 1 ash 0 IX hen dried and sulpliarctl 
this sariety is reported as containing 58*„ 
sugars (as invert) 0 O^o of citno acid and IK) 
ppm of SOj (Read Texas Agnc Exp Sta | 
47th \nn Rept 1934 159) ! 

Fig syrups arc prepare 1 bj extraction with 
water and concentration of the extract »» roewt 
until tho sugar content reaches approximately 
63®o In ^\igcria the extracts are allowed tq 
ferment an 1 the resulting wino is used to a lul 
terato grape wines l-ig wine contains mannitol 


(6-8 g per litre) tho determination of wind 
affords evidence of adulteration On evapora 
tion of fig mne the mannitol separates together 
■with small amounts of sugar and organic acids 
Tho principal acids of the fig are citric and 
occtic Hotter (Z Nahrungsm Unters Ilyg 
189o 9 1) records 0 0015% of borio acid iii the 
fruit and Atbenr (Xlitt Lebensm 11^ g 1917 
8 98) f nds 0 12% of oxalic acid in dried f gs 
T1 0 dned seeds of fig contain up to 30°o of 
oil which shows the following characteristics 
1 4775 lodino value 169 4 thiocjanatc 
I Tnlie 103 4 saponification value 1901 acil 
'valoe 087 acetyl \alio 6 1 (Jamieson and 
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with a cast ingot Coolidgc therefore prWBcd Its working tcnipcratiiro was about 2,320®K , 
tungsten powder into a coherent Inr which which is \ cry much below the melting point of 
could bo first hardened by moderate heating, tungsten and tlic obvious step for improiemcnt 
and then sintered at a high temperaturo to a which suggested itself was to rejilaco the vacuum 
compact crystalline l«ir which was first worked by an inert is such as nitrogen u^ich, by aiin 
by hot hammering (or swaging) and then at a pressing e\aporattoru_would allow*'lhe'* working 
later stage drawn through dies into a floxihlc temperature, and tlioreforo tho cflicicncy, to bo 
wire This is m essence the process used at the raiscil I irly attempts to do tins failed because 
present day, and it will he dcscrihed later in tho heat lost h} conduction and convection in 
detail Tho next step in the evolution of the tho gas more tlnn outweighed anj gam which 
filament is hound up with tho invention of t he could lie obtained from tho liigher temperature 
gas filled lamp This latter demands detailed at which the filament could bo run The 
treatment, since the whole coiirso of tungsten problem was eventually soiled by Langmuir 
filament metallurgy has been determined by its (Proc Amor Inst Elec Eng lOIJ, 32, 1915) 
requirements, but it is first of all necessary to on tho following lines Tho energy radiated 
consider in soroo detail tho basis of filament lamp from tho surface of a filament is proportional to 
design the area of its surface tho heat earned away 

I’jUNCirLES oy 1 Lamp Desjoh — by convection is also proportional to the area 

As stated already, tho clTicKncy (m lumens per of Iht surface with which tho gas conies in 
watt) of a lamp depends other things being contact Langmuir showed tliat tho clTcctivo 
equal, on tho operating temperature of its fil i area m tho second c ist is not that of tho filament 
ment Tho lamp fails because of ovaporatioii itself but of a relatively stationary Hyir of gas 
of tho filament It is well known that in a surrounding tho fil imont Tho thickness of this 
vacuum limp manufactured according to tho layer (frequently referred to ns the Lingmuir 
host technique 10% (hy weight) of tho filament layer ) h almost independent of the diimctir 
IS lost during tho normal lifo of tJio lamp of tho filimenfc and is determined only by the 
I uihirc IS clue to tho diffcrtnlial rate of evapora properties of the gas With thin filaments (such 
tion at diFTtront crystal faces bailurc iiUi ns those us«l for ordinary high voltage lamps) 
inntcly occurs at some spot vvhicfi is sTniisticatly tho thickness of the gas lajcr is groafer than tho 
ill favoured by tho coincidence of particular diameter of tho filament so that unless n very 
types of cr^ stal boundanoa, (It is on interesting thick filament ran bo used, tho convection losses 
fact that all filaments late m life- arc angular m become great compareil with the radiation In 
section, duo to the formation of crystal faces ) view of the considerations which determmo tlio 
Alternatively, the lamp may be regarded as fad diameter of tho fihmenfc this discovery would 
mg when so much tungsten has Iwen deposited by itself have been of littlo use, but I nnginiiir 
by ovaporation on to tho bulb that the blacken inmlc a eoropleto investigation of tho behaviour 
mg causes tho cfiicicncy to dr^ below some of gas streams past Iicated filaments, out of 
ugrood fraction of its initial emcicney It is which aro«o tho fact that a coiled filament of fine 
therefoTo ncccssaiy to choose a temperaturo or wire would behave like a corresponding thick 
efficiency which, witlyn those limitations will filainont Ihc result of this work wns the gas 
give a certain arbitrary life this vanes accord filled lamp, m which tho filament is a closely 
mg to tho typo of Jimp, and for ordinary I imj>3 eoiM helix running in an inert gas Nitrogen 
such ns aroused m lighting streets and hiiildings, was used m tlio earlier types hut owing to its 
tho life aimed at is a minimum of 1,00 0 hours lower heat conductivity argon (eontaining a 
averago determined onsamplcs loTnsnrc this, Iiulc nitrogen) was later substituted for nitro 
lamp makers design for a life 20-25% longer so gen and is now in general u«c Krypton which 
as to have a factor of safety to cover errc>rs in lias a still lower heat conductivity, is bettor tlnn 
Biniphng argon but its adoption lias Ix-in limited bj its 

In the case of certain special lamps such a* high cost 
IhohC used for projection intrinsic brigl»fnr«w Jlio eonviction losses lan bo cut down still 
of tho light source may be of more importance further and tho efiiciencj correspondingly 
than length of life In eiuh cases shorter lives raisid by imreasing tiio size of tho spiral Iho 
are permissible tor example a Class A1 pro limits to tins aro set by inetnllurgieai conHidera 
jector lamp having nii intrinsic brightness of tions, jvjiehx li avm g a diameter m ore than 5 
i 000 candies IXT sq cm has a lift of onlj UXJ nrfi t,nip.< tin, diam eter of the wirt^ wo uliLnot bo 
hours rigid inough to keep i ts shape at it ^unnmg 

Tlio operating tompornture having been deter tcmpcraturc'^’hirctTL'tlmj di inateT can how 
mmcil on this Ikosis, the total surface nccissiry evTr "bcThvrt u-td b^ coiling the liehv on itself 
to give the reqiiireil light output can lie found toronlmarv size high voltage lamps tlio gaiiw 
Tlio resistance of the filament must then Ims range fmin 20"„fwr a 1I\ 40 M lamp tlown to 
rhosen so that the latter shall, at the vollagc on I2|% for n ll\ IW limp 
whicli the hmp runs, absorb the necessary The rhange from tlic straight filament to the 
energj to rai«o it to the requisiti temperature spiral form had marked ronsp<iuenceH on tho 
finallv, the resisfonee and surface determine the technique of tmigRfen filament manufactun, 
length and diameter of the wire In the corlier and these Will lie treated m a later section 
tungsten lamps, as m the other metal filament Manifuti ni or Tiir I ilamvvt (a) Pre 
lamps which preeedeil them tho necessan paration o/ 7 OnJe — Tho Piiccessful 

length was aerommnOateil bj armnging the inanuficture of tungsten filaments depends 
wire m the form of a vertical squirrel cage, and entirely on the jiotsjbiljty of prcxlitfing a metal 
therilamcnt was runin a highly evacuated hulb ofn very high onler of purity , and although, aa 
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An alternative process sometimes used is indi 
cated diagrammaticallj in Table 2 In this, the 

yoJutJon as at B in Table J 
Vdd magncsl im chloride and filler 
^d 1 ammonium Mil] I i le and filter 

i 

" Add CiCI. sun dent toeoniert all the WO, to CaWO. 

; 

Decompose CaWO, as at A In Table 1 

I 

HjWO, paste extractc I with nmmoi la and tlie «oluUon 
c^•l^o^ate(l down to crjstals 

Crystals decompose I by heat to oxide WO, which to 
doped and then dried, proind stftel and reduced 
to metal 

Tasle 2 

purification is effected In treatment of the 
ammonium tungstate solution with such it 
agents as magnesium chloride (to remove arsenic) 
and ammonium sulpludc (to remove iron) Tlie 
tungsten IS then precipitated as enlcium time 
state bj the addition of calcium eWonde and 
the tungstate converted (b^ acid decomposition 
and ammonia treatment) back into piiro am 
monium tungstate which is dried and igmtcd to 
WOj 

It wall he scon that the greatest precautions 
are necessary to obtain an o\ido oftlioneccssarj 
degree of purity, above all, it is desirable to 
remove compounds of titanium and iron For 
this purpose, it is particularly important that 
the precipitation from the potash solution shall 
bo done by pouring the alkaline tungstate «oIu 
tion mto the acid in a fine stream and not tire 
tersa In this waj the ri«k of occlusion of 
soluble impurities is greatly dimmisbwl The 
temperatures and concentration of the solutions 
nro also important, as tbe> inQucnco the gram 
size of the oxide and subsequently the gram size 
of the rcdiio«l powder The latter largelj 
decides the suitability of the finished metal for 
use m lamps and while the control is niainl) 
exercised m the next process (reduction), it is 
necessary to maintain rigid standardisation of 
whatever processes arc used for the preparation 
of the oxide so as to eliminate as far as possible 
at least one variable factor 
Reduction of the Onde to Tungsten Poitder — 
Tlio revluetion is usually carried out in twostages 
The oxide is contained in small iron boats which 
are pushed along iron tubes about 2 in diam anil 
20 ft long In the first stage the tubes arc 
heated m definite zones to temiieraturcs ranging 
from BOO C at the beginning to about 750*6 at 
the end Tlie time taken is of the order of 2| 
V hours Tlie second stage is simiLar, but tbo tern 
peratiirea arc con«iderablv higher A continnoua 
jIow of dried e]eetrol_> tic Jndrogen is maintained 
through the tul>ea the gas {Kissing through 
driers in a closeil circuit The purity and drj 
neos of the hvdrogcn are important Tlic rate 
of flow H strictlj controlled, since thi« and the 
rate of heating as well os the drjneos of the 
hjdrogcn, determine the grain Size distribution 
the metal 

The metal powder after reduction is accumu 
lated m large batches and sieved 


TU^GSTFlV 

Experience has shown that to obtain a luctal 
which u satisfactory both from the point of 
view of working propertie? and behaviour in 
lamps, certain grain size distributions are neces 
sarj The gram size distribution la therefore 
controllcil lij actual meosureinent on samples 
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taken irom the large batches. These samples are 
robbed oat trith turpentine on slides and photo- 
graphed at a magnification of oCK) <Fig. 1). 

The negative is projected at a magnification 
of 50 on to a screen ; the numbers of particles 
uithin definite ranges are counted, and distri- 
bution diagrams are plotted. Fig=. 2 and 3 
shoTT typical bad and good distributions. In 
the latter case, the potrder concerned had a size 
distribution from 0-2u to 5;i with a ma.vinium at 
about 1-5^!. If the distribution is unsuitable, a 
wire made from the powder may have either 
bad working qualities or a poor life-behaviour 
in lamps, 

Cor.tersion of ll.c Metal Poicder to IFire. 
(c) Pres-ira. — The powder is placed in a steel 
mould and pressed into a coherent rectangular 
bar. The pressure is applied to the long side 
of the bar, and for a bar 30 cm. x 1 cm. x I cm. 
is usually about 2,000 kilos per sq. cm. (12-5 
tons per sq. in.). 

{b) Pre-iir.Uring. — The fragile pressed bar is 
carefully transferred on a tungsten boat to a 
tube furnace in which it is heated in a stream of 
hydrogen to 1,1CK)'C. for 20-30 minntes. Under 
these conditions probably very little if any 
grain-growth occurs, but the bar becomes 
strong enough to stand handling in the next 
proc-ess. 

(c) SivMring. — The hardened bar is fixed 
verricaHy between two clamps, the lower of 
which floats in a water-cooled bath of mercury, 
the upper one being fixed to a water-cooled 
support. A water-jacketed copper housing is 
lowered over the assembly, and hydrogen is 
allowed, to flow doevnward through it at a rate 
of 300 litres per hour ; the joint at the bottom 
is made by a merenry seal (see Fig. 4). A current 
is passed throngh the bar to heat it, and is 
gradually increased over a period of 15 minutes 
to a maximum at which it is maintained for 
another 15 minutes. The current is usually 
controlled by some form of induction regulator. 
The appropriate maximum current is determined 
for any particular batch of metal by finding the 
current required to fuse it under ordinary sinter- 
ing conditions ; a certain fiaction of this current 
is adopted as a working ma x imum ; the fraction 
ranges fix>m 8S to 95% ; for a bar of the size 
described (i.c. pressed originally to 30 cm. x 1 
cm. X 1 cm.) the current is in the region of 
2,700 amperes. This corresponds to a tempera- 
ture of about 3,100'C, (atout 3,370'E-; the 
aec-epted fusing temperature is 3,655”E.}. 

During the sintering proc-ess, rapid grain 
growth takes place in the bar, and this is aided 
by the temperature gradient between the ends 
and middle of the bar, and between the centre 
and outside , Considerable shrinkage takes place 
(linear shrinkage of 15-20%). The density of a 
sintered bar is about 16-8 gm./cm.®. Any im- 
purities in the tunasten are also volatilised in 
this proc-ess, and this is aided by the “ additives 
or dope, such as alkaline silicates, which were 
introdne-ed into the oxide. The exact mechanism 
of this action is undecided ; possibly the vapour 
of the additives carries away other impurities, 
or possibly they act by leaving interstices 
through which these can escape. 

The exact grain size of the sintered bar is not 


of -vital importance to its subsequent behaviour, 
but it is important that it should be under con- 
trol, othe-rwise adjustments wonld be necessary 
in the later working processes. The figure 
commonly aimed at is about 1 ..5fn'l-2.000 grains 
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per sq mm, and Fig 6 ghons an etched section 
of such a bar and Fig 6 a very coarse bar 
Gram counts are taken as a routine in manu 
facture 
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Sicoging — A sintered bar cannot bo drawn I 
into A^irc until the crystal atructuro has been] 
broken down by hot hammering or ‘ swamng | 
In the swaging machine (Fig 7) a pair oi ham 
mors or dies are rotated and are forced apart 
and together m rapid alternations white the bar I 
or rod passes through them Before swaging | 
the unsinterod ends of the bar are cot off, and : 
the bar heated in hj drogen m a tube fumaco to a I 
temperature of ncarlj l.C^O^C In the earlj I 
stages of swaging a hlUe orer half the bar »' 
swaged at a time, and the bar is revcrsoil and 
reheated before completing Its passage through 
the hammers hen the diameter has been dc 
creased to aliout 5 mm the bar is transferred to ' 
other swaging machines through which it passes 
directly, being heated b^ a gas fumaco placed 


TUNGSTEN 

just m front of the hammers Swaging is con 
tinued with a total of about 25 steps to a dia 
meter of about I 5 mm , and during the process 
the rod 13 reheated to a temperature of about 
2 100®C once or twice m a Bintermg machine to 
allow of further grain growth taking place after 
the voids in the original bar hare been closed by 
the hammering 

The sivaging temperatures are gradually 
dropped as the size of the rod is reduced, and 
are adjusted so as to be below the recrystalli 
sation temperature at each size The final 
temperature is about 1 100°C Fig 8 shows 
the structure of a swaged rod 2 mm in diameter, 
from which it can be seen how the grams hare 
become elongated and are gradually becoming 
fibres 

Wtre Drawing — The swaged rod (diam 1 5 
mm ) 13 hot drawn through dies , m the earlier 
stages (down to about 0 6 mm ) dies of tungsten 
carbide are used From this size downward 
diamond dies are used The wire is lubricated 
by means of colloidal graphite to mimmise wear 
on the dies and is heated by means of a row of 
gas flames placed just before the die To enable 
the Wire to be threaded through the die, it is 
pointed by dipping into fused sodium mtrite 
smallest wires normally used in lamp 
making have diameters of the order of 0 01 mm 
The diameter is usually calculated from the 
weight of a known length of wire, the density 
assumed for this purpose being 19 36 

The shape of tne die needs careful control 
since It IS one of the important factors in main 
taimng uniformity in the filament and tbereforo 
in the fimsbed lamp Fig 9 shows magnified 
sections through good and bad dies of about 
0025 ma diam , and gives an idea of the 
accuracy which is demanded 

Ckiitiso OF THE FiLiMEHT — The production 
of filaments in the form of a hehx; demands the 
utmost precision, since errors m the dimensions 
I of the hebx have serious effects on the behanout 
'of the lamp This is dealt with in the nest 
section 

I Cotltny — ^The coilmg operation is performed 
' by automatic inachmery, the general principle 
being that a mandrel wire is drawn slowlj 
through a nozzle while a spool of wire rotates 
about it, producing a hehx The tungsten wire 
I IS usually cleaned before this operation to re 
I more adhering tungstic oxide and graphite 
This may bo done either by various electrolytic 
methods or more simply by pasamg the wire 
j through a bath of hot caustic soda solution and 
ecnibbmg off the loosened graphite with suit 
I ablo pads The mandrel is made of either soft 
I iron or molybdenum The latter is used when 
the cods arc to bo subjected at a later stage to 
j high temperature treatment ilolybdenum wire 
I IS manufactured both for this purpose and for 
use in filament supports by methods very similar 
to those described above for the tungsten fila 
ment 

For lamps of the coded cod type, the pnmaty 
helix u wound in a continuous length, and is 
then treated cvactly like the original wire in 
other coihng machines of a special type , that 
IS, the pnmary hehx, on its mandrel, is wound 
round a secondaiy molybdenum mandrel, pro- 
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riucing tlio coiled coil Dnriii!: the *5Ccondttj 
coiLng, the machine autoimticilK <picr^ Uio 
CQiIa at intervals, so as to Ici\ i •» straight portion 
of smgle helix at which individual filaments can 
bocntofFreadyformountingin thehmp After 
coiling, the filaments are heat trcatetl at sueh a 
temperature that the^ mil mtam their sJiapi 
when the mandrels arc renio\«Hl Ihe temixm 
tures u«ctl rar^ over n wide rum aeronling to 
the site of filament nml tjpe of wire «'«eil In 
general, for coiled coil filiinenfa, tem/ieratiirrs 
well above 1 000''C are necc sar\ 

The mandrels are dissolvcil out in an acid 
bath, hjdrochlone acid is u«ed for iron man 
drels, and a mixturr of nitric and snlphnne nods 
for mol 3 bdenum 

The filaments are tliorouglilj washed to ic 
move acid, treated with a caustie «olntiou to 
remove traces of oxide, and finnll 3 washe<! in 
ibstiUcd water and dricil 

Precision in Fil-vuent SIanefactdre — 
Althouch this 18 pnmania an engmeenn" matter 
It needs mention here «incc it is a fuinl iniental 
problem m the niiinufictim of fihnuuts Lamp 
manufacture is an example of highlv developed 
mass production and the standards of urn 
formitv inthelinished piwluet arc vcr\ exasting 
The wire H«esl in hinjis for gencril lighting 
service ranges in ibamcter from 0 0135 mm to 
0 43^ mm In order to mamtam a sati'foetorv 
, life performance, the wires must be aevuniteh 
rotind, and the local vuriations m diameter 
must not cxceetl 0 5-l°o ucconling to the «iie 
of the wire The iliinietcr of the mandrel wire 
needs cotre*pondmgl 3 close control as do also 
the pitch of the hclicea and the tension of the 
wito during coiling 

Tht ilc^dtioiir of {ht fi/umrat •« the Lnaij — 
The filament Kfon. it i-. burnt at its opt rating 
tcinpenturo m the lamp has a fine librous struc 
ture On heating, the fibres break down nml 
m the neighbouriiood of 2 IX'O't arc convcrtetl 
into small iqunxcd grains and pram growth 
then proceeds, the larger grams ab-orling the 
-MtiaHr.r The iiin^tinr.vtAin's 
changes take place depend on the exact com | 


iwution of the wire In the sfraiglit filaments 
which wire cmplovial m tht. tarher tv'pes of 
ricitum Unip, this process is liable to lead to the 
formation of grain boundaries occup 3 Tng the 
whole diameter of the wire, and the«e constitute 
fl source of weakness since the cr 3 'tals tend to 
How at the }>oiiiidines and the wire iiltiniifeh 
I n. ika (this IS known as * offsetting’) Karlur 
efforts to avoid this inehulei! the aihblioi) of 
alwut 0 7'>”c of thorn, which restrains the cram 
growth and grratlv diiiiinishos the risk of off 
setting 

Anotlier line of attack was to produce fila 
iiients in which cxncgcratcd gram growth could 
t ike place, so that the whole filament w ould eon 
si%t of Ter 3 few cr 5 tals, or even of a smgh 
cr 3 atal, thus nunimi'ing tlie danger In retlucmg 
the number of gram boundaries 

Tins problem aro e anew with the intro 
duction of roiled filaments for gas bUcil lamps 
Thcdifticultv here was not so nnirh the breaking 
of the filaments as the fact that as gram growth 
proceeded throughout tlie hfe of the lamp the 
movements at the grim iKumdines ciU'ed the 
spirals to sag and open out, leading to a rapid 
filling off in the efhtjctie 3 of the limp due fo 
Inch gas l0'4»c« The first rvniedv attempted 
w as to restrsiii grim grow th bv the use of thona 
(again nlxmt 0 7*^o) I'*? 10 shows n section 

tbroiigh the coils of «uch a fihment after long 
bunung, tbc coiupirativilv sniill sue of the 
grams is contru-teil with the hrgi grains in ft 
filament made from pure tun^ten 1 he 
method adopted at the prc-ent dav is to make 
nsc of cxnggvnteil gram growth which u 
achieved (under Miitwbh licit treatment) b\ 
the u«o of additives such as alkaline siheatc 
Numerous combinations have l>ecii u«ed and 
arc m u«e at the pn«eiit dvv iv tvpieal one wfl* 
mentioned earlier m the lU'cription of metal 
nialaiig The«c additiies as alrcadi stateil 
cannot be detected b\ the u ital anihtieal or 
speetroaeopic means alter Ihi- sintering i>roce=« 
but the 3 have a jrofound effect on the gram 
^riw.tbAt’.i.lir/icvil'id.tv'AiV'.oi'J .w.lv'.w-lie.vt.eil The 
I process 13 complcteil in the time tiken f r the 
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filament to re-acii its ofWTf.ting terapeTaturo. and 
the filament is left in a Ptabili'Cfl 'tate in n Jiich 
the indiridual crystsls occnpv several turns 
of the spiral (cS£ Fig. 11). 

Ex-JOny.vTiOK OF~ FnjurcKTs. — The prepara- 
lion of fpedmr-ns shotring the- strjirtnre of filn- 
i;if-nts is of inijvirranr-r-. since it i- in reirnlar u-e 
f ir control purposes. The filament i' t*nilx**ldfNi 
in a loTT melting Ic.td-lKiratf- "lass c»intainin" 
manganese (to "ive it a dark colour for ca.«e in 
photograph^'). The crlass i~ held in a groove cnt 
in a hras' block ; it is me!te<i and the fil.anient 


dropped on to its snrface. For the examination 
of coilecl filaments (rvhieli is mostly recjtiired), 
the block is ground dotvn until a section through 
the upper part of the spiral is exposed as a 
series o f lozen ges. After polishing, the tungsten 
.surface is etched br means of Iwiling 3% 
hydrogen peroxide or ,a cold solution containing 
equal vohnnc-> of Ki’^o caustic soda and 3f)'’o 
potassium ferricyanide. 

Tungsten rods or bars are usually mounted 
for e.xamination in solder contained in a brass 
cup. 



Fig. 

Cap.eon' Filaiiests. — Although carbon fila- 
ment lamps are no longer in normal use for 
lighting pnrposci:, they are stfl] made for a few- 
special purposes. They form a convenient and 
cheap type of resistance ; they are also used as 
radiators for medical purposes, and to a small 
extent as room-heatinu radiators and for other 
heating purposes. Carbon lamps of high ratings 
(30-50 candle power) are still ased where extreme 
resistance to shock is important. 

A typical .standard process used in the manu- 
facture of c-arbon filaments is the following ; 

The raw material is pure -white blotting paper, 
which is dissolved in a stronz solution of zme 
chloride, forming a -visc-ous syrup. This is 
squirted throuuh a glass die into alcohol acidified 
■with hydrochloric acid: the cellulose is re- 
generated in the form of a continuous thread. 
After being left to harden for some days the 
thread is washed repeatedly to free it from zinc 
chloride, and it is wound on a large drum to dry. 
The tough dried thread which looks like a violin 
string is set to its desired shape on a carbon 
former, and in this ^ate is heated in a crucible 
to a temperature of 1..500'C. During ibis 
operation, oxidation is avoided by packing 
the filaments, on their formers, in graphite 
powder. 

-Vfter carhonising. the filaments are mounted 
on nickel support wires with hollowed ends, and 


II. 

the joint completed by depositing carbon from a 
hydrocarbon bath in which they are immersed 
wlule a current is passed. In order to ensure 
that the filament .shall be uniform in diameter, 
it is heated by a current in an atmosphere of 
heavy petroleum vapour. The thinner parts of 
the filament heat up more than the rest, and so 
rec-eive a thicker deposit of carbon from the 
vapour. 

This operation is of classical interest, and is 
known as flashing." The filament is now in a 
state ready for use ; its diameter is uniform and 
its surfac-e is covered with a thin hard layer of 
deposited carbon. 

Filamests fop. Thekmioxic Vaeve-s. 

(1) Tung‘!en . — ^Tungsten filaments are used 
at the present day only in the largest transmit - 
in" valves, and the method of manufacture is as 
dwcribed for lamp filaments. 

(2) IhoTialed Tungsten , — The manufacture 
of this material is similar to that of ordinary 
tungsten, except that snfiicient thorium is 
add^l to the oxide (usually in the form of 
thorium nitrate) to give the equivalent of about 
0-7% of thoria in the finished -wire. 

qftoriated tung.=ten filaments are used for small 
transmitting valves, and also of a few special 
t-vpes of receiving valves. During the manu- 
factnre, the filament is - activated " by a pro- 
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cess which causes an approximatelj mnnatomic ' 
layer of thorium to be formed on the suifate 
For this purpose the filament la heated for a 
short time to a high temperature (ca 2,800®K ) 
to reduce some of the thona, and then held at 
a somewhat lower temperature to stabilise the 
emission 

(3) Oxide Coated Cathodes — These are of a 
different type from the val\ c filaments described 
obore, and consist essentiallj of a metallic fiia , 


meat, coited with a thermionically active 
material The filament acts as a beater, and is 
usually made of mckel, although tungsten and 
platinum are also used The coating most 
generally used is a solid solution of banum and 
strontium oxides m approximately equimole 
cular proportions , it is actually apphed in the 
form of a mixture of the precipitated carbonates 
and converted into oxides by heating trt sdu to a 
temperature round about ],400'’K. 


Table 3 — Data on Operatikq Temperatubbs and Emission Properties of tiie 


Three Tipes of Filaments ^ 


Filament (or catho le) 

Operating 

tempera 

taro 

i mission 

BnussIoQ 

efficiency 

Kemarks 

Tungsten 

2,500''K 

275 mA/cm * 

3^ mA/watt 


Thonated tungsten 

l.OOOMC 

3,000 mAjcm * 

20-25 mA/witt 

The emission is more 
sensitive to poisoning 
by oxygen and water 
vapour than that of 
pure tungsten 

Oxide coated (BaSr) 

1,040- 

I.IOCTK 

250-100 
mA/cm * 

160-250 

mA/watt 

Very sensitive to poison 
ing by oxygen and 
water vapour 


£i6Itojrophy — T Bodet, ‘ Les lampes h 
mcandescencQ electnque,” Paris, 1907, Lang 
muir and Orange, Tungsten Lamps of High i 
Efficiency, Trans Amer Inst Elec Eng 1913, ^ 
22,1895, C Weber, “ Die elektnscben Metall 
fadcogluhlampcn,” M Janecke, Leipzig, 1914.1 
B P. Dudding and C J SmitheUs, The 
Dereloproent of the Electric Incandescent 
Lamp, Beama, 1923, 13, 221 , B Duschmtz, 
125 Jahre elektrisches Olubhcht. ETZ 1928, 
SO, nil, Assocn of' Edison Bluminating 
Cos , The Development of the Incandescent 
Electric Lamp up to 1879, Trans Ilium Eng 
Soc 1029, 24, 717 , G Chehoti and B P Dud 
ding. Precision in Incandescent Lamp Manu 
faeture, G E C Journal, 1931, 2, 103 , C J 
Smithells, “ Tungsten,” Chapman & Hall, | 
London, 1936 
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-FILBERT. The nuts are the seed of 
Vorylus spp usually designated G aiellana L 
Other species and hybrids (including cobs) are 
C pontiea Koch, and C maxima Mill Ameri 
can species of hazelnuts ore given as C rostrata 
Alt andC ameriMna Malt 
K6mg(“Chem MenscliNahr Genussm ” 1903, 
the coznposttioa of tbehemels as 
N free 

H,0 Protein iat extract Ash 

7 1 174 020 104 25% 

Bertram (Ole, lette, MSchse, 193C, No 14 
2—1) reports the following charncterjsfjcs of the 
Ireneh oil. 0 9144, 1 4091, iodine value 

(ITanus) 8C 8, saponification value 192 0, nn 
saponifiable matter 0 35% The oil contains 
S'Jo of saturated acids, largely palmitic The 
unsaturate^l fraction includes oleic and 78 2 and 
Iinoleic acid 9 1% 


Osborne and Campbell (Connecticut Agrio 
Exp Sta Bept 1895 , 288} describe the isolation 
from the nuts of a globulin, corylm, C 50 7, 
H 6 86, N 19 17, 8 0 83, O 22 42% The N 
distribution of coryhn, according to Osborne 
and Hams (J Amer Chem Soo 1903, 25, 323), 
IS total N 10%, basic N 5 76, non basic N 10 7, 
N preapjtated with MgO 0 10, ammoniacal N 
2 20% The constituent ammo acids of coryhn 
include cystme 1 5 and tryptophan 2 86% (Jones 
etal J Biol Chem 1024, 62, 183} 
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FILICICACIDv FilixMas 
FILICINw FilixMas 
FILICITANNIC ACID V FilixMas 
FILITANNIC ACIDv FilixMas 
“RllTf,” ITALIAN (Vol IV, 519a) 

FILIX MAS Fibx mas (BP). Aspidmm 

(17 S P ), Male fern , Rktzoma JiUcts {Racine dt 
feitglre mate (Pr ) , Wurmfom, Johannisvmrzel 
(Gcr) The rhizome of male* fern, Aspidmm 
ittix mae (Swartz) or Dryopleris Ftlix Mas Inan 
(Schott) has been a favourite anthelmintic 
medicine since the times of Theophrastus, 
Dioscorldea, Phny, and Galen For botanical 
characters, see WoodviUe (Med Bot 271), 
Moore and LindJey (Tems of Great Britain. 
14—17), and Bentl and Trim 300 , cf also 
Gzapek “ Bioehemie der Pflanzen,"” 1923. 
vol III, pp 665 Filix mas (Fam Poly 
poiliacex) IS mdigenons to all Furope, North 
Africa. North Asia, Himalaya and Amerira 
from the North as far South as Peru 
The early chemical investigations of the 
rhizome (»ee Pereira, Mat Mcd.Jrded 1853,11, 
959, and Poulason, Arch exp Path Pharm 
1891, 29, 1) show, that besides tho constituents 
common to plants, it contains a peculiar green 
fixed oif, tnnmn and a crystalline compound, 
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HL1\ MAS 


2 U j) -j 7— Mith JJic e\ccj)fj(ji of fibeic 
acid all the al>o\e substances occur al o lu the 
rhizome of vis^udiioi ajniiiihstit (Swartz) m 
which the filicic acid is replaced b\ aspidiu 
C.jHg-O, 111 p 124 5'’ {poljslicltH Poiilsson 
\rch exp I’ath Pharm 189S 4t 240 
As the latter fern is often confused will 
1 Jilixmas the commercial extracts of the male 
fern may contain aspidm as well The substance 
niaj be recogni ed m the cnide extract bx 
crjstallisation (Hausmann Vrch Pharm 1899 
237, 644, Annalen 1903 329 321) A«=pidin 
has most probably the constitution 



being built up of aspidinol and fibnnie acid 
butanone 

"Most of the aboxc substances are pbj 
logically active on tape worms and other lower 
animals (Boehm Straub Arch exp Path 
Pharm 1902 48 1) the simplest one Iming am 
degree of nctivitj J» filicinic acid butanone 
loner degradation products are inactne It 
18 diTicult to attribute the anthelmintic action 
toanj one substance in particular but according 
to Kraft (Arch Pharm 1904 242 489) tlus 
action IS primanlj duo to >et another substance 
flmarone more complex than am i olateil by 
Boehm 

Knft states that good extracts of male fern 
contain 3 6°o Rbcic acid 2 5% 6a\ aspidic acid 
0 0o% albaspidm 0 aspidinol 0 1% flaxa 
spiiLn (probably identical with pbloraspin of 
Boehm) and 6®o of filmarone The last sub 
stance or HjiO., is an amor 

phous brownish X ellow acid meitmg at about 
( 0® ami containing four different j 1 loix^liicmxl 
ketone groups Boiling with zme dust and 
NaOH dccomi>o«cs it into fihcic ncil a«pi Imol 
and annous other substances (see Kraft Ic) 
Whether filmarone is a cfiemicaf incfixitfuaf 
not char but it seems to hare met with h 
certain measure of clinical success 

lor cases of poisoning bv fern extracts see 
Poul'Json (Arch esp Path lharm 1891 29 I) 
for detection of filicic acid in such cases sre 
Bocchi (Chera Zentr 1S9G II 1137) ^luller 
and Kofler (Arch Pharm 1930 268 r44) 
do cril)C liological tests on fish and give litcra 
turn reftrcnccs (see fllso Cl cm Zentr 1029 I 
118) lor anthelmintic an I haemolytic action 
of products of Jilix nms see Jodllauer Arch 
exp Path lliarm 1932 164 45" 

G B 

FILMARONE r I-ilix Mas 

FILTER PAPER Idler (iixrs of all 
grades and fir ciirj (uriMsi an u»w txaiUlIc 
of British origin as a come<jucncc of adnunc^tni 
tire action densed to counter the menacing in 
eonremences experienced during the war (1914- 
18) before which period filter papers were 
Urpeh nr in some of the mext important gr»de« 

xrlu«i% eh of foreign ongm Tims (lualiLatixe 
(jcitfititatiie ash free fat free, soft and tou^ 


grade:, nro aiaiJable and some are alio soil 
moulded thimble wi«e for Soxhlct extraction 
IX well as in the u»ml sheets nnd/or discs All 
an made from punficil cellulo«o of adequate 
stniigtli to suit a wide range of purjxise' 
The e puri^ and strength requirements plus 
filtration xelocitx m practice can be f ulfill ed 
01 U 3 Ij imploymg i-otton and linen separatedh 
or mixed as raw materials other materials 
have shorter fibres and arc not ca«ilj purified 
from minute quantities of undesirable impurities 
Both cotton and linen have the fibre length 
necexxarj and, hence both will supply the 
strength required with even a minimum of 
hydration m the paper maker s beater (i Cellu 
LOSE ^ ol II 4606) and thn« maximum 
filtration velocitj can be conseri ed The opera 
tion of beating allows hixlntion and therefore 
«trengtli to be aceuratelj controlled other 
methods of hjdration with reagents are not 
employed liecause the sub equent removal of 
traces of the reagents i< diffieidt and the action 
of th <5 beater is far more casilv controllable m 
tbeir absence 

For the best grades near cotton and linen 
cuttings are the raw materials the cellulose i» 
then free from its common degradation products 
and al o nlmo«t free from inorganic matter 
Particularh it is free from lime salts present 
in old rags derived from hard waters m launder 
ing and from iron copper alumina and silica 
Organic matter prv«ent maj Ik* in ol 1 rags 
cellulose degradation products an I «tarch fats 
oiU and reiine in new rags a minute trace of 
fattv or Fe«inous matter which normalh occurs 
in the living plant For some special purposes 
a fat free pa^r is essential and even for u c 
with aqueo is reagents it is advantageous 
because water will not ot) erwiie « ct evenly and 
with maximum rapidita and hence veloeitv of 
filtration will be diminished A clean surface 
of distiUeil water is contaminated bv contact 
with filter paper not treated for fat removal 
(with alcoliol-ethcr) so that its normal surface 
tension is disturbed (Itajleigh) 

Industnally the cotton and linen are boileil 
with weak alkah sodium carbonate for new cut 
tings and caustic so la for old rags the reagent 
rcmoveil the material then washed and ccntri 
foged to 26-^0°o concentration bleaeheil gtntiv 
with chlorme gas and thoroughlj washeil 
Iinallv it 11 made into paper (raoTe correcth 
water leaf) after the appropriate degree of 
licating and without siring or ana other nddetl 

The normal »«h rontent of pure cellilac i* 
about 0 I-O 4®o and fir quantitative filter 
papers this 13 reiliiced to about 0 008% bj ex 
traction in 8uecei''ion with HCI and with HF 
The I ulp after the bleaehmg ojieration is trcat«i 
ith 1 litre of rone HCI^*(>kg ix-II do“e then 
a hell anl treatcil with the like <| lanlitv of 
HF imI linalU ll >rou„hh waslui tie 1» I 
traces of aci 1 bein^ more ri il\ renioieil with 
the help of a minute trace of N H, in the wash 
water This treatment wath acid leads to some 
degradation of the cellulose bv hjdrolv'sis an 1 
reducing »ubstanees thas f rme«l in tlie paper 
will dceoloruc dilute pcriuanganatt fwliilion 
(McBnIo anl Sherrer, J tmer Clem Soc 
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1917, 39. 928) ; the main portion is, horrever, 
extracted by the first, portion of the perman- 
ganate reagent passing through. 

BihltoampJiy. — ^‘Testing of FUter Paper” 
(Papier-Fa hr. 1033. 31, S116)- 

C. .J. .J. F. 

■■ FllJROL ” (Vol. IF. 24-S>). 

FININGS (Vol. II. 102a). 

FINISHING TEXTILE FABRICS. 'The 
term “ finishing,” as used in the textile industry, 
generally refers to those operations which 
constitute the third or final phase in the refine- 
ment and embellishment of woven and knitted 
fabrics. The first phase may be represented by 
scouring and bleaching, or preparing in the case 
of wool goods, and the second phase by a colour- 
ing process, e.g. dyeing or printing. In some 
cases, operations of the first and second phases 
are not carried out, c.g. the finishing of canvas 
linings for men's wear, cotton cloth in the grey 
state, etc., whilst in the production of white 
materials of all kinds, second-phase operations 
are obviously excluded. Again, in the wet- 
processing of crepe cloths, the first-phase opera- 
tions are essential “ finishing ” operations, inas-- 
much as the successful production of satisfactory 
finished efiects, whether coloured or white, are 
almost entirely dependent on the nature of, 
and the care taken in carrying out, the initial 
treatment of the cloths. Finishing technique, 
therefore, is subject to wide variation and the 
degree of refinement and embellishment re- 
quired as wen as the production of other 
distinctive effects are determined largely by 
considerations of (a) the nature, physicS align- 
ment and/or state of the fibres in the yams 
composing the fabrics ; (6) the swelling capacity 
of the fibres in presence of aqneons liquids or 
steam : (c) the behaviour of the fabric material 
under mechanical pressure, and cutting, abrasive, 
tearing. SictionaL etc., operations in the wet 
and dry states, at low and elevated tempera- 
tures : (d) the varying susceptibility of different 
fibres to modification in presence of chemical 
agents; and(e)thesnitabiliryoffibresforabsorb- 
ing and/or acting as receptive media for finishing 
materials which are ne^ed to impart special 
properties to the finished fabrics. 

The spun fibres are termed “ yams and the 
latter are used as warp yams (longitudinal 
threads of fabric) and weft or filling yams 
(threads at right angles to warp threads). TV arp 
yam is invariably stronger than weft yam- whilst 
in so-called union fabrics. I’.e. fabrics containing 
more than one kind of fibre, the yams may be 
of widely different character, e.g. cotton warp 
and woo! weft or composite yam span from a 
mixture of cotton and wool may used. 
Yam. itself, is sometimes subjected to finishing 
operations, c.g. wax polishing of certain types 
of cotton and linen thread and processes for< 
preveatirur wor=t>-i yam from fc-itinc when • 
aa=hed. b'u;. in the majority of ca^c-'. finishing 
i- ron'’emc^i with the trft'.tmcnt of woven and 
knitted yam. i’-c. fai'rfcs or web^. In some 
textile centres, the term " finishing embraces 
afi wet- and dry-processing operations which 
fabrics underoo after le.vving the loom- or knit- 
tira: mnc'clrcs ; it often hapron-. therefore, that 
i 5 f" 0 '’rin**, c^cachmr. mcrcerisrnr an'l c\cn dye- 


ing, as applied to cotton and other cellnlosic 
fibres, are included under this term; a brief 
account of modem cloth merceriring is given in 
this article. 

Apart from the points already discussed, the 
production of any type of fimshed effect is 
governed also by economic factors and. in 
particular, the uses to which the fimshed goods 
are to be put, so that, in many cases, these and 
other considerations have to be taken into 
account in designing the structures of fabrics. 
Moreover, the production of consistent satis- 
factory finished effects on aH classes of fabrics is 
possible only by a clear understanding of the 
characteristic properties of the pertinent fibres 
and their behaviour when present in the various 
physical forms of the fabrics to be treated, whilst 
the interdependence of aU operations leading to 
the finished material scarcely needs to be 
stressed. 

The majority of true finishing operations can 
only be carried out satisfactorily in presence of 
moisture, heat, pressure and/or friction. 

Finishing Cellulosic Fabrics. 

Wet-Processing Cotton Cloth . — Before discuss- 
ing the actual finishing operations to which 
ceUulosic fabrics are subjected, it is desirable 
that a few brief notes regarding two important 
branches of wet-processing, viz. bleaching and 
mercerising should be recorded. 

Br.TZAcmiyG. 

A large proportion of the world's production 
of finished cotton cloth is finished in the bleached 
and mercerised condirion ; also, much of it is 
dyed and/or printed. Bleaching has already 
b^n dealt with in VoL H. Its object is to remove, 
either partly or completely, according to le- 
qnirements. the natural and acquired impurities 
associated with the fibres . The cloth is generally 
bleached in rope fohn, although heavy cloths 
are often bleached in open width. Low or high 
pressure boiling of the cloth in alkaline h'quors 
(lye-boiling) effects the removal of fatty and 
greasy matters, etc., by a series of rc-actious 
based on hydrolysis- emulsification and dis- 
solution. whflst oxidatiDa of the natural colour- 
ing matters to soluble colourless products is 
effected subsequently by means of hypochlorites 
or hydrogen peroxide. In spite of the ever 
urgent call for speeding up production, the time- 
factor in the lyc-boiling operation is stifi an 
exceedingly import.int roquirement in the pro- 
duction Vf highly sjtisfactoiy goods. When 
caustic roda i- used, it is best not to use live 
steam for heating and circulating the liquor; 
two iye-boils with soda ash. with or without a 
h'ttle caustic soda, give more uniform and sati^- 
fr.ctorv remit- than one lye-hoi! with c-auriie 
-oda, although the general tendericy at the 
present time is to make one !;igh pressure lye- 
, Nailing operation with caustic soda suffice for a 
1 wide range of cloths. A prelintins.rt' boiling of 
: the cloth in miik-of-Iime (linte-boii) is still 
' practised to a considera’c!-:- extent. cspe-riaHy 
' In th" ca=^ of .-loth which is to bo printed sub- 
* sequentiv- A'^ rc-ror>fr the p'.'.nt in us^\ it is 
i remarkable tl'.a* few outstar.dirsg inij.ruev- 
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inents Bare been introduced daring the past SO 
years In many works, the cloth, m tope fona, 

IS directed mto position (pilmg), in the biers, 
or pits, as required, either by hand labour or hy 
means of mechanical pilers Boiling vessels 
(kiers) of the puffer pipe, injector and outside 
heater with centnfugal pumps are all types ui 
use, although the most efficient type for general 
use 18 a bier built on the last named pnnciples 
Colton Staph Fibre Cloths — Cloths contauung 
cotton and staple fibre (rayon) yams are less 
resistant to alkali boding than 100% iwlton 
cloths Consequently, m cases where it e 
necessary to remove natural impunfaes from the 
cotton portion, it is best to bod the goods m 
open vessels, since rayon fibres are quickly 
attacked when boiled with alkab under pressure, 
and the fabric may suffer a serious loss in weight 
Also all decolonsing operations (bleaching) with 
oxidising agents should be conducted cold or 
only lukewarm and with great care in order to 
prevent degradation of the staple fibre 

Mekceeising 

Finely woven cotton cloths either plain or 
with coloured stnpes, intended for making up 
into shirts, handkercffiefs, dress materials, etc 
are usually bleached and mercerised before the 5 
are subjected to the actual finishing operations 
Certain classes of coods, which are to be dyed 
are first subjected to a comparatively mild 
treatment with caustic soda in order to swell 
the fibres slightly and increase their affinity for 
dyes 

The term “ mercerising was appbed 
originally to a process of treating cotton, either 
jam or doth, with cold concentrated caustic 
soda solutions in such a way that it acqiured a 
permanent silky lustre , it was coined as a 

E isthumous compliment to John hlercer, a 
roadoak (Lancashire) colounst, who, as the 
patent records show, was the first expen 
mentalist to make a study of the action of cold 
concentrated caustic alkab on cotton clotb 
lie noticed, amongst other changes, the pro 
novinced contiaclion and awelimg of the fibres 
that occurred during attempts to filter concen 
trated caustic alkali solution through cotton 
cloth, hut he did not observe that lustre was 
developed on the cloth if the normal contraction 
were prevented bj mechanical force and the 
atkah impregnated cotton washed while under 
tension This observation, which led to the 
development of the modem mercensmg process, 
was made by H Lowe, England, and indepcn 
dently at a later date by Thomas and Prevost , 
of Crefield, Germany Unfortunately, the mean ! 
ing of the term" mercensmg ’’his been extended 
since Lowe’s discovery to indicate almost any 
kind of treatment applied to cotton, etc , pro 
vided it involves the use of caustic soda solution 
of medium or high concentration The mer 
censing process discussed in this article is con 
fined solely to the modem practice of increasing 
the natural lustre of cotton by means of strong 
swelling agents, usually caustic alkab with the 
aid of massively built impregnating and stretch 
ing apphanccs Instead of preventing caustic 
alkab impregnated cotton from contracting in 
the normal waj, il o cloth mnj be allowed to 


contract to its fullest extent, then stretched to 
near its onginal dimensions and the caustic soda 
removed by washmg while it is in a stretched 
condition Although the lustre developed m 
this way is not inferior to that produced by the 
more familiar method of working, » e by pre 
venting too much contraction immediately 
following the treatment with caustic alkab, it has 
been shown that the force required to stretch a 
contracted cloth back to its original dimensions 
(approx ) 18 much greater than the force required 
to prevent initial contraction Consequently, 
the best modem practice of mercensmg cotton 
doth IS based on the latter principle 
MercertH'ng Practice — Cotton cloth is mer 
censed either in the grey state, i e direct from 
the loom, or after semi or full bleaching In 
either case, the cloth is smged (c/ Bleachiko, 
Vol ir, Str) prior to the first wet treitment opera 
tion JlercensinS before bleaching appears to be 
practised to agreater extent than after bleaching, 
although a better lustre is obtained excess 
caustic soda is removed more readily and 
higher speeds of treatment are attamable by 
adopting the latter procedure Bleached cloth 
IS prepared for mercerising, dunng the last stages 
of bleaching, by passmg it continuously, in rope 
form, from the last washing machine tto a 
scutching tnachine (opening out toJuU width), 
through a heavy water mangle finally, it is 
dried by causing it to travel over a senes of 
tc% oil mg steam heated drying cybnders 
Grey cloth is often treated with a deswing 
agent, eg malt extract, after singemg or after 
mercerising, 1 1 immediately before bleaching 
m order to remove, from the warp threads 
etarchy matter origmalJy introduced m the form 
of sizing paste for the purpose of strengthening 
them during wearing If deswing takes place 
heforb mercerising the washing after the latter 
operation, to remove excess caustic soda, need 
^ not be so drastic as is necessary when deswing 
I takes place after mercensmg In fact it is 
customary to leave a small amount of caustic 
soda in the cloth after mercerising, if desizing has 
already taken place bo that it Berves partly as 
the alkaU for the first lye boil of the bleaching 
process , in this case, the mercerised grey clotli 
is passed direct to the Ije boihng kier after excess 
caustic alkab has been removed in the mer 
censing process The waste caustic soda from 
tho mercerised grey goods is not so pure, of 
course, as that from bleached goods , con 
sumption of caustic soda in the b^est types of 
plant 13 about 20-25% on the weight of the cloth 
The miin physical phenomena that occur 
dunng the imtial treatment of the cotton with 
concentrated caustic alkab are lateral swelling 
of tho individual cotton hairs and untwisting of 
their natural convolutions These effects i ary 
in intensity and completeness according to the 
length of time of treatment with, and con 
centration of, the caustic alkali , they are aL«o 
influenced by the degree of twist in the yam, 
and the amount of starch, etc , on the warp 
threads The highest lustre is produced how 
ever, when swelhng and untwisting are allowed 
to proceed to a maximum, but in commercial 
practice a compromise is essential m order to 
enable the process to be came 1 out continuously 
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and eoonomicaliv : TTT". caustic soda Las no . of the rollers. Although ttro mangles are nsed 
appreciatle STreiling action on bleached c-ofton : i for rapid production, only one is reqnired for 
Io'Ttt. caustic soda prodnc-es a distinct ssrelling J doth that is easily penetrated by the alkah'. 
enect, and streliingisata mardmiiin vrith abont | (2) HydranJic Tcrsior. Eegulaior . — This opcr- 

“dTT’rr. catisric soda. Also, in the case of pnrified ' ates just before tKe cloth enters the stenter : 
c-orton. the action is c-omplete in about 30 seconds I its use prevents the vreft from bovring and 
vhen &jTvr.cansncsodasoliitioni5nsecLvrhereas ' puckering. It consists of three guide rollers, 
vita grey cotton, a longer period, is needed • tvro of vrhich are fixed in a horizontal plane, 
before the maximam changes occur. Conse- , vhilst the middle roller operates hydraniicaEIy 
qnentiy. in the design of plant for a continnons , bervreen the other tvro, so as to develop a con- 
systeni of mercerising, the speed of the doth j stant hydraulic load over the whole tridth of the 
is arranged to give a mTnimnm action-period of doth and hold the warp threads at s pre- 
SO seconds. /.£. between the time of impregnation determined tension. 

with caustic alkali and the first rinsing treatment. (3j SierUrirg dlacIAne or Sienler . — ^The es- 

Jfertiri-^ingPlar.tforCloir ,. — Atypical modem sential feattrres of this machine are two series 
cloth mercerising plant or range consists of of self-feeding damps made* of hard nickel grip 
(1) one or two impregnating mangles; (2) a | plates and carried on endless chains running in 
hydiatdic tension rKnlator for the warp | races : a series of damps is carried in a chain at 
threads : (3) a dip stenter with accessory appara- > each side of the machine ; both series of clamps, 
tns. s.c. rinsing apparatus and c-ompensating . as well as the travellmg doth, are in a horizontal 
tension rollers between the end of the stenter \ plane, and are so constracted that a portion of 
and caustic alkali rectrperator ; (4 and 5) caustic { each selvedge of the travellmg doth, as it enters 
soda recaj^rator and neutralising and rinsing [ the machine, is gripped antomatically by a grip 
boxes. The procedure briefiy is as follows ; j plate ; as the doth travels foiwartL more 
The dry doth, in open width, is drawn throngh ■ adjacent grip pistes come into action, so that a 
cold caustic solution in (1) and sqneezed between | long piece of doth is held firmly in position in a 
roSers under high pre ssure ; this operation may 1 pre-determined width while in a state of motion 
be receated while the cloth is travelling forward ' and thus is prevented fixtm contracting; excess 


c-ontiDconsIy. In high speed work, the doth 
passes ne.vt over a series of hollow iron drtsms 
fixed dose together : this operation aDows time 
for the alkafi to act and prevents shrinkage 
before the cloth passes throngh a second im- 
pregnating mangle and then vio the expansion 
rollers of a warp-tension device (2). on to a 
stenter (3), where it is gripped powerfully at the 
selvedges by dips : after passing along the 
stenter for abont 20 ft., the cloth is subjected to 
the first rinsing operation; next it is released 
automatically from the clips at the end of the 
stenter and then passes over compensating 
rollers into the recuperating box (4), from which 
it passes through drlnte sulphuric add and is 
finally rinsed thoronghly with water (5). 

(1) Imprsgnalir.g or Padding Mangle . — This 
consists of a box ciomprising two compartments 
for holding caustic soda solution : it is provided 
with a few guide rollers in each compartment for 
depressing and gtiiding the doth through the 
alkali; also it is usually jacketed so that the 
temperature of the alkaii can be kept constant. 
In the most eSdsnt system of mercerising, two 
mangles, each Lavins: two compartments, are 
used, and the concentrations of the caustic soda 
liquors in the four compartments increase 
progressively from about 35' to 55‘Tw. A tier 
of three bowls or rollers is placed immediately 
above each box ; the projecting steel c-entres of 
these rollers are supported at both sides in 
bearings contained in exceptionally strong 
chucks: usually the bottom and top rollers of 
the tier are made of chilled iron, whilst the middle 
roller is covered with tough rubber. The rollers 
are positively geared to prevent sh'ppage of the 
alkali imuregnated cloth, and by n;£ar.5 of pres- 
sure adjustments at both ends, the points of 
contact between the rabbet periphery of the 
middle roller and the two other rollers when 
ready for operation, are brought into as perfect 
ulirnmcnt as over the whole surfaces 


i caustic soda is removed by spraying the top of 
1 the doth with hot dilnte caustic soda solution ; 
I the -wash-Iiqnor c-oBects at each spraying point. 


and is directed by means of arioctor or scraping 


apph'ance to a point immediately over per- 
forated snerion boxes beneath the doth, a 


I vacanm pump being used to provide the suction, 
f Einsing is done on the counter currear system 
and. when the alkali has been reduced to about 
loTiw- no further shrinkage of the cloth is 
likely to occur. The caustic alkali removed by 
rinsmg is passed forward to a purification and 
concentration plant. The doth is released auto- 
maticaily at the end of the stenter and passes 
through compensating rollers to regulate its 
speed of travel with that of the driven rollers 
in the alkali-recuperating box. 

(4) All'dli-BecuperaSing Bor . — This consists of 
several compartments containing guide rollers 
for the travelling doth against which low pres- 
J sure steam is blown : most of the residu.-sl 


! caustic soda collects at the bottom of the box. 


j (5) Me'jtraiisir.g and BirMng Boxes. — The 
j cloth from (4) next passes between squeezing 
} rollers into a tank containing l^-STTw. sul- 
phuric acid at 50'C. : it is then washed by jets 
of water while passing through another box. and 
after passing through a third box containinu clean 
water, it is sque-ezed : if the cloth is in the grev 
state, it may then be desired and subsequentlv 
bleached, as previously outlined on p. lS4r. 
( If, however, the doth has been partly bleached 
I before n:ercerisir.g. the sourinu and final washinu 
I operations may be omitted and bleaching com- 
I pleted in the usual manner. 

'' CI:ai!:le.-s Mcrre.nsir.g MacAir.e. — This machine 
jis provided with similar imprecnatinu boxes, 
1 intermediate drums for preventing shrinkage in 
; width and the same type of liydranhc tension 
I reculator as those used on the chain machine, 

I but the cLain=_ar.d ch'ps on the htter .arc rc- 
' placed by a series of curve.J exp-inders whercbv 
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in conjunction with the warp* tensioning regu 
Jator, tho cloth, as jfc passes continuonsjy tfanwg)) 
the machine, is expanded to its full uidtb before 
it enters the rinsing compartments Six tx 
jianders serve to produce this effect, they ore 
coverfcd with rubber to enable the shppeiy 
alkali impregnated cloth to be gripped more 
firmly than by metal surfaces The cloth next 
passes over another senes of expanders in o 
nosing box which is divided into sections, the 
fresh hot rinsing water being caused to travel 
in the opposite direction to that of the cloth i 
Machines of this kind can he used for mercerising I 
two pieces of certain types of rloth m juxta I 
position in one passage {p BP 210184, 
295062) ^ . I 

HeTcenstnQ Union Tahnca of (A) Cdlon mni 
Rayon , (B) Cotton ani Cellulose AceMt Rayon 
{A) CJnlh compofied of cotton and viscose 
rayon may bo mercerised in a similar way to 
tliat adopted for cotton cloth , it is best, how 
ever, to wash out the alkali as quickly as posaiblo 
with boihng water (ef EP 295062) Cloths 
made from composite jams of cotton and 
viscose rayon staple fibre (up to about 20% of 
the latter) can auo bo treated similarly It 1 % 
essential to remove excess alkali as quicki) ae 
possible in tho initial rinsing operation am) 
perhaps this is beat done by a senes of spray 
pipes through which nearly boiling water is 
sprayed on to the material 
(B) Mixture cloths containing cotton am) 
cellulose noetate rayon fibres can also be met 
censed in the same way as cotton cloths (t 
B P 210484) The penod of contact of the 
alkali with the cloth should be reduced to n 
minimum, consistent with the metcensation of 
the cotton portion, whilst very thorough and 
quick washing with large volumes of cold water 
18 essential, otherwise the cellulose acetate 
ortion of tlic cloth is liable to become partly 
jdrolysed by the diluted alkali Thus, a 
typical process of mercerising, dyeing awl finish 
ing cloths of this tj^pe involves the following 
operations — Singeing on Iwth aides of cloth, 
dcsizing; rinsing, drying, mercensing, ecour 
ing m soap solution at 80~85®C on jigs, rinsing, 
(Ijeing, rinsing, impregnating with a Boftenm^ 
Agent, e g highly sulphonatcd castor oil , 
atretcliing or stentenng , drying , light calender, 
ing , and packing, etc , for dehvery to customers 

Finishing Woven Cotton Fabrics. 

The eJiief o{>eratiOns earned out in finisliju^ 
cotton fabrics are — Stiffening, filbng or weight 
mg. drying, dampening, stretching, calendering, 
l>ecthng, etc 

(1) Stipfemno — ^T he mam object in thu 
ojw ration is to give tho cloth a firmer handle 
It i« n(«>mphdied hj impregnating the fabni> 
with gelatinised starch or with gums, «te , with 
•T without the addition of softening agents, r g 
glycerol, eulphated oils, etc , follow^ drying 
The degree of firmness attained is goremw by 
the nature and consistency of the starch mixture 
iiseil, and the amount absorlxxl and/or forced 
into the <lath bv me<liaiucal pressure andtor 
friction Usually, the starch mixture u appbed 


by means of a stanli inangk lliis tyjH, of 
machine is available in many difiercnt znodifi 
cations, but similar principles are involved in 
nearly all types In order to remove creases 
and impart slight tension, tho drv clolh is drawn 
m full width over one or more tension rails 
direct into the stiffening mixture contained in a 
box (starch box) provided with a closed steam 
cod, waste outlet, etc , and situated immediately 
beneath 2 or 3 heavy howls or rollers commonly 
arranged in a vertical plane The box is fitted 
with one or more rollers for the cloth, which, on 
emerging from the paste, is then drawn over a rad 
or opener into the “ mp ” of the two lower 
toilers 

Thus, the starch paste, etc , is squeezed into 
tho cloth and where a light stiffening is reqiureil, 
this operation is sufficient For heavier effects, 
however, a three bowl mangle is used, and in this 
case the cloth passes first betw een the lower lup 
and ffien between tfio upper nip, » e the points 
of contact between the upper and middle bowl 
' or roDcr The bowls are iisuaUy made of brass, 
cotton, sycamore, rubber, etc , and are irranged 
m suitable combinations according to the type 
of cloth to be treated and the finished effect 
required Thus, a common combination con 
sists of two cotton or sycamore bowls with a 
brass bowl between them, »e a three bowl 
mangle The middle bowl ts positively driven 
so that all three bowls revolve at tiie same 
circumferential speed An elastic uniform pres 
sure at the nips of the bowls is secured by means 
of compound levers and weights fitted to strong 
side frames acting on tho steel end cores of the 
bowls 

Fnctioa Starch Mangle — This machine is used 
when fairly heavy fillings are used to fill up com 
pletely the meshes of tho cloth and to secure a 
full, sohd and stiff finished effect It is a two 
bowl mangle, the lower bowl being made of 
cotton and tho upper one of brass The lower 
bowl IS partly immersed m the filling mixture 
contained m the starch box, and. ns it revolves, 
it carries round to the nip a portion of the fiUing 
mixturo The speed of travel of tho cloth is 
about the same ns that of the brass bowl, but 
greater than that of tho cotton bowi After 
passing over tension rails and an oj>cning bar, 
tho cloth passes direct between tho two bowls 
and, as the aitrfnco speed of the cotton bowl is 
slower than that of the brass bowl, a combined 
fnction or rubbing effect mth jircssiire develops 
between tho cotton bowl and the cloth, whereby 
the interstices between warp and weft and the 
fibres themselves are filled h{> conijdctcly with 
tho starch The amount of friction sot up can 
bo vaned at will by tho use of change wheels 

hael. Ftlling 2Iangles — Ccrtoin kinds of w lute 
clolh and also many calico prints are fillul or 
BtjfTcneil on the back only J'or this pui 7 >osc, 
a bark Idling mangle is used 'Ihc iloth is 
drawn over linsion i>ars and a trt im. n*il, iN 
fico IS then bnnigbt into clo'O contiut with the 
underside of a large bowl, part of tho latter 
revolves in a starch mixture contained m a 
starch box, so that the back of the cloth take* 
up the starch fiUirtg, the face licing protccfc<l by 
closo contact with the IkiwI, surplus utarcU i* 
removed from the cloth, as it leaves the howl. 
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or reduced by fv screw arnngenicnt as required 
Additional strelcliing rings nro proMded to 
enable the cloth to be stretched across the 
whole width 

CALENDEUnTa — This is practicalfj the last 
main operation to which all classes of cellulosio 
and silk goods aro subjected m finishing pro 
cesses Inniimerablo effects, which aregoTcmed 
largely, of course, by the amount and nature of 
the filling introduced at the starch mangle, 
padding box, etc , ^ arying in handle from a soft 
mellow feel to a somewhat hard feel, c g 
buckram, and m lustre from a compamtiTcly 
dull surface to one rcsembhng pohalicd glass, 
ctfn bo obtained by tlio correct choice of 
calenders A calendering operation is somewhat 
similar m elementary principles to tlioso under 
lying the use of the ordinary domestic iron 
Iho simplest type of calender consists of bowls 
in vertical alignment, one of wluch (middle) is 
of highly polished and trued chiHcd iron and the 
other tw o of cotton The steel centres and emis 
need to bo exceptionally strong so as to enable 
them to withstand heavy shoe! a and fatigiio 
while in use The bowls arc supported by their 
ends in bearings held in a strong cast iron side 
frame, in some types, roller bearings are used 
The bowls can be raised or lowered and pressure 
IS Applied to the nips by means of compound 
lovers and weights with regulating screws, ot 
a “ dead set ” pressure may bo applied 

All calenders aro provided with tension rails 
for entering the cloth and batching oppamtus 
for winding the calendered cloth into a toll 
When a high degree of lustre is roquireil on cer 
tain cloths, at least one of the chiUcd iron bowls 
IS provided with an arrangement whereby it 
can bo heated internally by steam, or a con 
pressed air and gas mixture may bo used 

Friction calenders, light or hcai’y, working 
on the same principles as friction starch 
mangles, but of greatly increased strength (c/ 
p 186 (i> arc higely used for producing a glazed 
face finish on grey finished cloths, dyed and 
printed gomls, bookbinding and fracing cloths, 
etc In order to prevent the cloth from slipping 
while passing between the nips, the metal bowls 
are geared together 

Multiple bowl ordinary calenders, provided 
(a) with at least one metal bowl, which can be 
licated by combustion of a mixture of compressed 
air and gas, or (b) with two or more bowls or 
ranged for heating with steam, aro used in 
various sections of the textile and paper finishing 
mdustrics The bowls are made of chilled iron 
cast iron, (■tccl, brass, cotton, linen, or woollen 
paper, and are usetl in various combinations to 
suit the particular type of fabric which is to bo 
calendered 

So callfxl unncnal calenders also aro in use, 
they nro designed to bo us«l for aanoiJS pur 
po«cs, eg colcl calendering, 8wis«iog, cha<ing> 
etc, but for heavy pressure work it » best to 
u=e special types The chief technical terms 
used m calendering, etc, and their definitions 
are 

5iri*jinj — A method of imparting a soft and 
mellow feel to rellulosic fabrics, e g mam lands 
of prmtfxl cloths, as well as white, d\ed and 
colounyl woi en goods An onbmra tlincl<ow] 


calender with one chilled iron bowl working 
between two cotton bowls is commonly used 
If desired, tho iron bowl can be heated by steam 
Chasing — Tlio production of a thready, 
lustrous, imitation beetle finished eifect on 
cotton, etc , cloth The cloth, m multiple folds, 
18 passed continuously through a calender with 
five or more bowls, e g two of chilled iron (one 
of which can be heated) and three of cotton 
Chesting — A method of imparting a thready 
and water marked or moir^ finished effect It 
is produced by passing the cloth, from bottom 
to top, between a senes of calender bowls, and 
then latching, t e winding it into a large roll of 
calendered single ply elotli on tho top bowl and 
causing the roll of cloth to revoho for some 
time under heavy pressure This operation is 
often known ns rolling or manghng 
Sehranerxng — A process of embossing the face 
of tho cotton cloth with a senes of continuous 
closely packed lines so as to produce a silky 
effect The'cloth, which has been conditioned 
so as to contain a little more than its normal 
moisture content, is passed between two bowls 
of a Schreiner calender Tho top or driving 
bowl 18 made of special steel bored centrally for 
heating with steam or gas and air, after 
TOliahing to a high degree, it is engrav ed w ith fine 
fairly deep hues or cuts iisiiolJy running very 
close together round the bow! The number, 
and the angles of the lines, m relation to the axis 
of the bowl, vary according to tho typo of fabric 
to bo schremcred and the twist of the warp yarn, 
In most cases, tho anglo of the engraving is 
neatly tho same as that of the twist of the jam 
so that tba natural refiecting surfaces lielp to 
increase the lustre produced by tho embossed 
lines A bowl for schreinermg ordinary twill, 
sateen etc , fabrics, usually is engraved with 
about 20<>-300 lines per in , but for tlio prodiie 
tion of tho highest degree of lustre a bowl having 
600 lines per in may bo u»cd rbo lower bowl 
13 much larger in diameter than tlio steel bowl. 
It IS usually made of hard pressed cotton or 
woollen paper A so called spun glass fini«hfil 
effect can bo obtained b\ setting up friction 
while tho cloth is under great pressure In this 
arrangement, tho steel bowl m engraved with 
concentnc lines at right angles to its axis, it 
impre^ocs the lines on the clotli parallel to tho 
warp threads and tbo new surface thus obtained 
13 polished by tho friction set up between the 
bowls, friction wheels are avnilablo to impart 
the requisite amount of friction 

BEKTiJva — A method of imparting a smooth 
and thready effect to many kinds of linen and 
cotton cloths Tho operation tends nl-o to close 
up the interstices between tbo warp and weft 
threads Several wel>s or pieces of conilitioncil 
cloth arc wound on to a roller anil the roll then 
mused to revoli o slowly while a scries of heavy 
wooden rounded end “ fallers ” drop one after 
another on to the cloth and arc inimediatoly 
lifted by a cam attached to a revolving shaft , 
the fall and lift movements go on continually 
while the rolls are caused to move laterally 
about 3 in during tho operation Alctal ham- 
mers attached to n specially designed machine, 
mnblo the process to Ik completed more quickly 
than with tho uorxlcn hiramcr tyqjo of machine, 
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OTTing to rte rapidity Trith r-hicli elastic blows 
&om. the baisniers fall OIL tbe cloth. The finished 
e£ect, ho— ever, is not considered to be ss attrac- 
tive as that prcdtic-ed by wooden fkllers. 

EirHGSsrs’G. — ^Inipriixting a design cut in a 
steel bowl on to the strrtace of cloth. This 
operation is analogona to schrernering. bnt the 
lines on the steel bowl are coarsely engraved 
and they ntinit-er only about loO-il-50 per in. 
Bowls with, lines ttrt at an angle of abont 45' 
are cionintonly used for embossing bookbinding 
cloth. In contrast, appropriate lines may be 
cut at the usual angles on the steel bowls and 
then portiozrs of the lines cut away and a figure 
engraved ir,ta>f>o. These bowls give a less 
iustrcus eSect at the figured portions ; again, 
only the figured portions may be engravc-d with 
fins lines, thus giving lusrred Sgnre efiects on a 
smootG. crroimd.- 

Finishing Materials. 

A large choice of c-omponnds snitable for use 
as stiSening. filling, softening, etc., agents for 
c-eTuIosic cloths is available. They may be 
classified as ( 1 ) stifiening and binding agents : 
{-) fining and weighting materials ; (3j softening 
and emulsrying agents : and (4) .miscellaneotts 
substances. Some of the materials in one group 
may also act as members of another group. 
Thus, although glycerol is a softening agent, 
it also acts, by virtue of its hygroscopic nature, 
as a weighting agent. The chief materials in 
each of the groups are ; (1) Potato, maize, 
wheat and rice starches : also sago and wheaten 
Sours. (2) China clay, mineral white {cal- 
cium sulphate). French chalk or talc and a 
related American product known as talc day 


(hydrated magnesium silicate), magnesium sul- 
phate, etc. (3) Soaps, especially castor oil 
soap, Turkey red oils of various grades of sul- 
phadon and sulphonation. sulphated higher 
aliphatic alcohols, various proprieta,ry com- 
pounds containing long-chain aliphatic groups, 
e.c. synthetic higher fatty acid esters of glycerol, 
glycol derivatives, etc. (4) GlycemI and gly- 
c-erol substitutes and zinc and magnesium 
chlorides (hygroscopic agents) : salicylic acid 
derivatives, e.g. ‘‘Shidan ’’ (antiseptics) ; natural 
and synthetic waves (glazing and softening 
agents ) ; various water-, fire- and morh-proofing 
substances ; wetting-out and anti-crease agents, 
etc. ; ulrramarine and various bine and violet 
dyes (tintiag agents) ; cellulose derivatives in- 
.clnding cellnlose nitrate lacquers ; also many 
other substances. 

Peepabatios' Of FnriSHij.'G Pastes, etc. — 
Ordinary finishing pastes are made in round or 
square tanks provided with mechanical agitators 
and means for heating the pastes by direct or 
indirect steam. Starches are first mixed uni- 
formily with cold water and then boiled well 
during agitation; fiour is first mixed to a 
smooth paste with cold water, then thinned by 
the addition of more water and boiled; the 
other ingredients are added as required. The 
concentrations of starch, etc., used, vary con- 
siderably according to the nature of the cloth . 
to be stifiened and the kind of finished effect 
required. Starch pastes should be entirely free 
from lumps before they are placed in the box of 
the starch mangle. 

Mctv Dmsioss or Cotton Cuote Festse- 
ESG. — ^A rough classification of the chief divisions 
into which the finishing of cotton cloths may be 
grouped is given in the following diagram — 


Eaw or Grev Cotton Qoths including Cloths containing TVoren Coloured Effects. 
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rx'imples of the technique followed m pro 
tlucing ^anou3 kinds of fini’hed effects art as 
follows : 

Heavy Grey SHEETriO — The cloth is 
stiffened on a friction starch mangle with a- 
paste containing about 12% white dextnn, 

I 5% maize starch, jircMonsR boiled together, 
with addition of about glj cerol, J% 

Red oil I inally it is dned and through 

one calender 

Cotton Cloth Dyed in the Grey State — 
The cloth is first calendered and then impreg 
nated with a solution made bj dissolving ^ cwt 
Glauber's salt in 3 gallons water containmg 3 
quarts each 48®Tw magnesium rhlojide and 
J00°Tw zinc chloride and then adding enfficient 
magnesium sulphate to give, on cooling, a 55"rw 
solution Drying and calendering complete the 
process 

Grey Cloths with Coloured Checks or 
Borders — ^Tho cloth is impregnated, on the 
starch mangle, with magnesium sulphate etc, 
solution or with a starch paste which may or 
may not contain magnesium sulphate It is then 
dried on steam heated cjhnders, stretched on a 
short stenter with a weft straightening attach 
ment and finally calendered as desired 
Bleached Cotton Cloths —(1) i>ofl Hand 
kerchtef Finiak — The bleached cotton is water 
mangled, dried, conditioned stretched (belt 
stretching machine) and suiss calendered on 
both Bides by passing through a multiple bowl 
calender 

(2) Botth Ftntah — The bleached clotn is 
water mangled (with ultramarine blue in the 
bov) dried, dampened stretched calemlered 
(chased) and beetled for 15 minutes each end 

(3) Sli/f Ftmafied hjfecti — The degree of 
stiffness IS > nried according to requirements by 
using pastes made from mi'cturcs of starches 
and devtrin in different proportions in a few 
cases, small amounts of mineral weighting 
agents are used , Turkey Red oil or other suit 
able agents are usually added to the pastes to 
soften the harsh effect imparted by the starch 
etc , and ultramarine blue is added to counteract 
tho shghtl^ jellowisb tint of the fabrics and 
the resultant starch films produced during drying 
of the filled material The general procedure 
m nearly all cases is as follow s Water manghng, 
dry mg, filling or starchmg , stretching drying, 
cooling, dampciiing and calendering Byaary I 
ing the nature and concentration of the fillup I 
pvstes, and using suitable cold or hot calenders ' 
to give gloss, compactness, friction effeefs, etc , 
almost any kind of finished effect can be obtained 

Finished Effects on Dyed and Printed 
Cloths 

'I'he Ph of a finishing paste may influence the 
of the colour of the dyed cloth Conse 
' . it H best to use neutral initlurea or, 
e Cases, tg snlphur dyeings, slightly 
lie pastes ^lercen«cd cloths, c y shirting 
handkerchief cloths, etc, are rarely filled I 

ith starelu substances which yield harsh i 
opaque films on drying iiccnu!>c such rloths 
need to exhibit luitro and posses-s a soft handle 
This statement applies to all cloths which should 
|>os,se^s a soft niell handle Blien a dual 


cloth IS required to possess a stiff handle, the 
filling itself IS often dyed, eg it is mixed uitli 
an appropriate dye solution Thus, some black 
dyed cloths of this kind are filled with a starch 
devtrm paste which has been coloured with a 
iluect cotton black dye The operations and 
their sequence arc similar to those clcscribeil 
under the finishing of bleached cloth When a 
special finished effect, eg an embossed effect, 
IS required, it is common practice first to pass 
the cloth through the usual operations, in order 
to help to close up the spaces between warp 
and weft and flatten the surface threads The 
special effect is then obtained bv a final mecham 
cal treatment designed for the purpose, eg 
embossing 

Several types of printed cotton cloths are back 
filled The usual procedure is ns follows — The 
dry cloth is backfilled with a starch paste 
china clay mixture containing a httle softening 
agent and ultTamarinc blue It is then dried 
cooled, conditioned, stretched if necessary, and 
finally passed through an ordinary cold swissmg 
calender 

Shirting Cloths containing B oven 
C oLOiTRBD Strifes — The dyes used for the 
coloured yarns in good quahty shirting cloths 
ate goncroUy of the vat and azoic classes so 
that such cloths are able to withstand scouring 
with alkab and bleaching with hypochlonfes 
without the dyes bleeding on to adjacent parts 
of the fabrics, this defect may occur, however, 
if the goods, while wet, are allowed to he about 
m heaps A typical complete wet processing 
and finishing procedure is as follows Singeing 
desizing rinsing lye boihng in open 1 ler* 
(about 100 lb soda ash and 20 lb soap for 3-4 
tons of cJotii), bleaching (FTw blenching 
powder solution at 80®r for 1 hour) rinsing, 
ecutebing, drying, impregnating with a softening 
agent, stentering, chase calendering, pro shnnk 
mg. « g Sanforising or Rigmelising {«e p 103) 
an<i making upFor sale 

Permanent’ Iinisiied Effects ov Cot 
TON AND Linen —Cotton and sonic other cellu 
I losic fibres may bo caused to exhibit distinctive 
finished effects either by (1) direct chemical 
action and/or solvent action on tho fibre, (2) 
by the introduction of chemical compound*, 
usually via solutions or emulsions into and/or 
on tbe fibres, followed by removal of the dis 

parsing medium, in the latter case, n subsequent 

heat treatment may l>o used to induce a fin*' 
chemical change between suitable compound* 
deposited or precipitated on the fibres, and 
(3) by mechanical means, e g the Siinfon*ed 
and liigmel finishes 

Effects produced by any of the methods useil 
in the three classes are either permanent or 
semipermanent to washing, etc, during 
normal period of use Many permanent finishetl 
effects are obtained in eases where the mam 
object 13 to render fabnrs jni;>cmous to wafer 
(w ‘ B aterproofing,' p 107c) 

(» Pfrmvnlnt Lfifct'i Pnotacpn bv DiRret 
CiiEUicvi and/or ^oivfnt ArwioN on 
C riiLi nsi 

Tranelueenf, Pnrchnenl, aii'l Uoo/ I.de FJJeeO 
— \ ^hort tmtinint of cotton cloth with rold 
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finished effects on raj on cloths In general, | 
the use of suitable synthetic resins, formed 
in situ on cloth, results, after calendermg, 
embossing, etc , in the development of fimshM 
effects of good resistance to uashmg Acid 
dyes can be applied to cotton and rendered fast 
to washing by similar means, » e dyes which 
dye only the resin can be used and the resin 
treatment may take place before or after dyeing 
and/or printing Again, pattern effects maj be 
produced by printing on the cloth a resist, e g 
citric atid, which prevents the formation of the 
resin polymer at the printed parts I urthcr, 
moie tenacious jams and fabrics are produced 
and a permanent weighting of up to 20% may 
be incorporated Other directions in wluch 
synthetic rcsias are being used in the textile 
mdustrj include the manufacture of multi ply 
fabrics for collars, etc , which can be washed 
easily. Also, the use of staple fibre (spun rayon) 
will probabJj' eipand more rapidly aa a result 
of the new technique of producing |)erroanent 
fimahed effects on the wo\en cloth with syn 
thetic resins It has been found, for exaniple, 
that ordinary spun ra>on fabrics, after ordinary 
shrinlragc, shrink further on washing, but 
when finished with a suitable synthetic resin 
they are unaffected on washing Apart from 
the practice of forming the resin withm the 
fibre substance, it is possible to produce clear 
continuous resinous films on the surface of the 
cloth The general finished effects produced 
by the formation of synthetic rc»ins on, and in, 
textiles, are brighter, clearer, more or less 
permanent and faster to washing than ordinaiy 
effects produced by long establisherl methods 
In addition to the urea formaldehyde resins, 
It has been demonstrated during the post few 
jeara that the comjilex compounds, formed by 
polymerisation and condensation of methacr>Iio 
caters gl>ccral-phthalic acid, vinyl clilonde^ 
sinjl acetate, mclamine-formaldchyde, quater 
nary ammonium-formaldchjdo-higber fatty 
acid complexes, etc , arc valuable agents for the 
production of ^lormancnt and other finished 
effects on cotton and othir fibrous matenaU 
The resinous methacr^lic ester polymers for 
example, are formed at comparatively low 
temperatures and are of isjiecial iHlerrst, there 
fore, in the finishing of silk, wool, casein fibres, 
cellulose acetate rayon, etc A considerable 
number of commercial materials for producing 
resins of different degrees of polymerisation ts 
now available, and the ** jh rmsiicnt ” finished 
effects on textiles obtainable with tlieir aid 
vary to such an extent that nearly all the ro 
quircmcnts of the puhhc as regards appearance, 
durability, handle, fastmss of dyeings to wash 
iiig etc , can Ins ohtamed viifh comparative case 
III addition, the treatment with syntlutic resins 
of yarns ami fabric intcndcil for the manu 
failure of ho^c pipes and other nrlirles vvhich 
must be resistont to jictrol, oils, etc , has already 
met w ith a certain amount of suctvss &ome of 
the commercial j roducts arc soluble in vrater, 
some arc sent out as aqueous emulsions, whilst 
others nro soluble onlv in organic solvent", eg 
carlion t«traehIonde {“ I’crmancnl ’* finished 
effects of the waUr rej>tllant type are descnbcil 
under ‘ Wateqiroofing,” p 107) 


“ I'EPSIANfcNT ” ITNISUED EFFECTS TBO 
DDCED WITH Celt ulose Ethers — Various com 
mercial brands of cellulose ethers and hydroxy- 
ethers sold under proprietary names have been 
advocated for use in different branches of the 
textile finishing industry for the past few years 
The most important of these products are the 
hjdroxycthoxy-derivatives of cellulose They 
arc usually classified as alkah and water 
soluble cellulose ethers, corresponding with 
products containing medium end comparatively 
high hydroxyalkoxy contents KfethylceUu 
loses having somewhat similar properties appear 
to be more suitable for use as thickening agents 
for special styles in calico printing than as 
finishing materials, although they have been in 
j commerce for a much longer period than the 
I hydroxyethoxy derivatives The caustic alkali 
I soluble typo of the latter is the most suitable 
I product for use on cellulosic cloths in the dev clop 
' mcntoffinisliedeffectsreasonahlyfast to washing, 
wear, etc It dissolves in 5~]0% caustic soda 
Isohition at low temperatures, eg C°C, to give 
I fairly clear working solutions of about 2-7% 

I concentration , higher concentrations tend to 
form gels The clear solutions ire stable at 
room temperature, but are likely to coagulate 
at about CO^C Coagulation also takes place 
readily m presence of acids, salts and con 
centrated caustic soda solution TJic cellulose 
ethers are remarkably stable when compand 
with cellulose esters Consequently, they may 
be applied to cotton cloth either before, during 
o*- after the normal bleaching process 

According to Craik and Davis {J 8oc Djen 
and Col , 1039, 55, C97), the product olAained 
by cthenfymg alkali cellulose with one molecule 
cthcnfying agent, e g ethylene oxide, per four 
molecules, CgHj^Og, is soluble m 6-10% caustic 
soda solution at ordinary temperature and is 
the most satisfactory of tho cellulose ethers for 
use m producing permanent finished effects on 
cotton 

Craik and Davis (Ic) give tho following hit 
of uses of this typo of cellulose ether — Imparting 
linen hko finished effects to cotton , stiffening 
cotton. |utc, rayon or spun rayon staple fibre, 
holding fillers or pigments in suspension up to a 
inaxjmuii] of three parts filler to one part ccllu 
lose ether, doubling cloths, preparation of 
bookcloth, window holJands, photographic cloth 
and pigmented fabrics, etc 

Three methods of application of cellulose 
ctlicfs aco m use, vir (a) a clisjicrsion of about 
1-5% cellulose ether in caustic soda aolnlion 
IS ujji^ alone for inparting hiicn hko effects to 
cotton cloth, (6) a cellulose ether is iischI as a 
medium for enabling lieavy fillings, eg china 
clay, talc, etc, to lx- applied to low grades of 
cloth, such filling should not dust out when the 
filled cloth IS torn or rublied, and the new jiro 
ducts are far superior to starch for proiliicing 
fiirly satusfactory laundry resistant effects, 
(c) cellulose ether dispersions, with or without 
filling agent, containing soap or foam producing 
material are beaten into a foam and applied to 
cloth by the usual means whereby (he cthcr.on 
immediate subsequent precipitation by means 
of acid or salt solutions, assumes an ojicn or 
cellular form, in this methcxirhfgb coneentra- 
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tions of the etiers may be used rrithout mating 
the treated cloth too stifi". In most method^ 
the dispersion is padded on to the cloth; in 
some cases, back-filling is employed. Subse- 
quent precipitation of the ether on the cloth is 
achiev^ by means of dilute acid ; or the treated 
cloth may be dried carefoliy (foam method 
excepted) and then rinsed •well in ■warm water to 
remove caustic soda. The cloth is then dried 
and/or passed throngh the requisite finishing 
machines, according to the final efiects desired. 
Even grey doth, immediately after singeing, 
may be impregnated with ceUolose-ether dis- 
persions and. after coagulation, e.g. by treat- 
ment rrith acid, the doth may be passed in rope 
form through the normal bleaching process 
■withont greatly afiecting the permanency of the 
celltilose-ether effect. 

Proiudlon of Permanent Finished Effects by 
Formation of Cellulose Ethers in situ on Cotton 
Cloth . — According to B.P. 439SS0, 475906, 
4S1191, and 4S2942, novel permanent finished 
effects, especially vaiying degrees of trans- 
parency and stifhiess, can be obtained in situ 
on cotton doth by the action of etherifying 
agents, e.g. ethylene oride. The treated cloth 
can then be snbjected to farther finishing 
according to requirements. Various modes of 
etheriftdng the cotton cloth have been described 
by la-wrie, Reynolds and Ward (J. Soc. Dyers 
and Cot 1939, 56, 6). Thus, doth is impreg- 
nated -with 1-2 rimes its weight of 9-5% caustic 
soda solution and brought into contact with a 
solution of ethylene oxide in (a) carbon tetra- 
chloride or (6) brine ; or (c) a solution of ethylene 
oxide in caustic soda may be used for the initial 
impregnation; or (d) gaseons ethylene oxide 
may be allowed to act on the alkali-treated 
cloth. Subsequent operations indnde recovery 
of solvent (if used), neutralisation of caustic 
soda, bleaching -with weak caldum hypochlorite 
solution, rinsing and drying, the final dry -finish- 
ing operations being determined according to 
the nature of the final effect required, e.g. 
organdie-, linen-, parchment-like effects, etc. 
The process can also be used in printing for 
obtaining window pane, damask, figured velve- 
teen, and lace effects. 

(3) Peewattext Fesished EtXEcrs 
feonrcED 3T Hechaxicax Acnox. 

The Sanforising and Eigmel Processes . — In 
addition to the foregoing methods of producing 
permanent finishes by chemical means, two well- 
knotm methods of permanently positioning the 
threads of warp and ■weft in the woven structure 
are carried out entirely by mechanical means. 
The finished effects are' known as Sanforised 
{B.P. 401617) and Rigmel finishes (B JP. 400950). 
The Tuain object of these method is to treat 
cotton cloths in sneh a manner that shrinkage, 
durinu laundering, of garments made firom the 
finished doth does not occur. Most ceBuIosic 
febrics shrink in -width and increase in length 
durinu scourinsr. bleaching, dyeing and other 
wet-processins operations owing mainly to 
(a) the release of torsional energy, (6) sw elling of 
the fibres, and {.c\io the pulling force commonly 
exerted lengthways. In the final finishing opera- 
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tions. therefore, it is often necessary to stretch 
the fabrics weft-way to the finished -width re- 
quired by the merchant. This operation pro- 
duces a temporary set of the warp and weft 
tiireads and, as soon as the fabric is wetted out 
in Water or soap solution, the yams swell and 
twist until the unequal strains induced bvfinish- 
ing operations are relieved and the fibres have 
adjusted themselves. The inevirable result, 
therefore, is that shrinkage in area occurs. If 
the cloths have not been stretched weft-way 
mechanically, the shrinkage, of course, is mainly 
lengthways. 

Sanforising. — Portions of the ordinary finished 
doth are first passed through a severe laundering 
treatment and dried in order to determine the 
maximum shrinkage ; the doth is then marked 
accurately in order to check its length- and -width- 
shrinkage during the process as calculated from 
the results of the laundering test. In actual 
Sanforising, the doth is guided by electrical 
devices to rubber-grip and, speed-control rolls 
in the Sanforising machine ; these rolls are con- 
nected -with variable speed gearing and shafts 
to the exit control cylinder, and by altering this 
gearing in accordance -with the pre-determined 
shrinkage figures, it is possible to shrink the cloth 
mechanically and continuously to the requisite 
degree. The threads in the woven fabric are 
forced into doser contact by causing the cloth 
to adhere by pressure to the stretched surfece 
of a beh in the Sanforising machine, and then 
causing contraction of the belt surface and the 
doth in contact -with it, according to the exact 
amount originally indicated by measurement of 
laundering-shrinkage. Finally, the contracted 
or shrunken cloth passes, in this state, over a 
heated exit cylinder where it is set by heat and 
pressure. As a result, the finished material 
emerges ftom the machine, fuHy shrunk in length 
and -width, and exhibiting a smooth and satis- 
factory -trade finish. 

The Eigmel Process. — Two rollers, covered, 
for example, -with rubber of 75-SO' and 95-100" 
hardness, respectively, as measured on the 
Durometer, are pressed hea-rily together and 
caused to rotate at different speeds in opposite 
directions so as to czas^ distortion of the peri- 
phery of the soft roller. The pressure may be 
vari^ in degree as well as in direction. Mben 
a fabric is passed between the rollers, it shrinks 
longitudinally if the hard roller rotates more 
quicklv than the soft roller. Conversely, an 
dougation of the fabric occurs if the peripheral 
speed of the soft roller is greater. The shri n k age 
is caused by the distorted resfiient surface of 
the soft roller springing back or acting as a 
brake on the fabric in its passage ftom between 
the rollexs, i.e. immediately it has passed the 
point of maximum pressure. Thus, the weft 
threads are forced into closer proximity to one 
another than is possible by any other process. 
The degree of shrinkage may be adjusted and 
pie-determined for any given fabric provided 
the soft roller is of suScient thickness. 

WiTEBPBOOriXG AXm SHO-WEEEEOOnXG. 

Two distinct systems of rendering textile 
fabrics resistant to penetration by -water have 
long been in use. In one system, applicable 
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mainly to cellulosic fabrics, etc , the material 
13 coated on the surface mth a homogeneoaa> 
cootmuoua layer of ranoua substances, eg 
rubber, or impregnated throughout its mass witt 
oils and waxes, synthetic resins, etc , which, on 
subsequent treatment, yield fabnca that are 
impemoua to water and air In both these 
methods, the treated material mvanably m 
creases m weight, t e it is weighted as w^ as 
waterproofed and its physical properties are 
often altered to such an extent that it is oosuit 
able for use in the manufacture of wearing 
apparel In the second system, the threads of 
the fabrics are caused to repel water, but the 
air spaces are not closed and the natural handle 
and other physical properties are either im 
proved or only slightly affected This ^stem 
IS often termed shower or ram proofing and may 
be appbed either to cellulose or protem fibres 
The treated goods are eminently adapted for the 
manufacture of wearmg apparel Showerproof 
or water repeUant fabrics offer considerable 
resistance to the passage of water owing to the 
absence of active chemical groups m the water 

f iroof film and the low surface tension of the 
atter against air As a result, any water falling 
upon the surface of the fabric la prevented firoto 
forming a continuous film, t e it tends to coUect 
in the fom of globules and, consequently, does 
not eaedy pass through the air spaces adjacent 
to warp and weft threads 

Wateepboofino 

(A) TTss OF Busbcb — >A considerable number 
of different types of cellulosic and other fabrics 
are waterproofed by coating them on one or 
both sides with rubber Or^ary fabrics used 
for the manufacture of ramcoats may be of 
cotton, wool union cloth, silk or rayon In the 
best known method of applying rubber as a 
waterproofing material, a thin coating of 
rubber ‘ dough ' is spread uniformly, by means 
of a spreadmg machmc, on to one side of the 
travelling fabric , the thickness of the coating 
19 detenomed by the use of a gauge which con 
sists essentially of a steel knife or doctor The 
don^ or paste is made by thorou^dy mixing 
sheet rubier, rubber substitute, sulphur and 
mineral filling agents, m powerful mssticatiog 
or mdhsg maclmes, and ccmyerting the mass 
into sheets which are finally mixed with solvent 
naphtha until a smooth paste of about the 
same consistency as bakers dough is obtained 
Several thm coatings of dough may be applied 
to a fabnc Tbe first coating is the adhesive 
coat and fills up tbe pores of the cloth, tbe 
mtermediate coating or coatings supply body, 
and the final coating is termed the ‘ surface , I 
tbe latter may be coloured as required, pigments 
fast to vulcanising being used Tbe fabrics are , 
then vulcanised cold with a solution of sulphur 
chlonde m carbon disulphide In double-texture 
proofing, the " surface ’ coating apphed to one 
side of a piece of cloth is a special composition 
termed varnish, which enablesa second clrth to be ' 
cemented to it by passing them together between 1 
suitable rollers In this kind of proofing, eg ' 
balloon casings, the treatedfabnc is usually sub- 
jected to a hot vulcanising operation tjg at 100- 
ISO^C . and the rubber dough used is made from 


b^fc hard cure Para rubber without inorgamc 
fillup, as these unfavourably affect the elasticity 
and durability of the rubber content The total 
weight of the coatings apphed to balloon cloth 
(usually consisting of closely woven fine Egyp 
tian cotton yam) is about 12 g per sq metre 
Single texture coatings are usually vulcanised 
by drawmg the cloth, under tension, round a 
4 in mahogany roller immersed in a vulcanising 
solution of 1 part S^CIj of not more than 51% 
chlonne and 50 parts carbon disulphide, follow^ 
by drying on a stfam heated cylmder The 
whole of this process is earned out m an en 
closed chamber, next, a current of hot air is 
blown Against the travelling cloth which then 
passes thorough a chamber conta inin g ammoma 
vapour, at one stage m the process, it is 
brushed with fanna or other suitable dusting 
material 

In the steam vulcanisation process, the coated 
materials are heated with steam under pressure 
at about 220-295®F Under these conditions 
the robber is completely vulcanised m a com 
paratively short time, especially if a suitable 
accelerator has been added to the dough 
Matenal which is to be proofed with rubber 
should be free from traces of copper (not >0 02%), 
and manganese and the ether extract should not 
exceed about 1-2% The outer layer of balloon 
fabnc IS generally dyed a yellowish red shade 
with vat dyes before it is coated with rubber 
m order to act as a partial protection against 
the degrading mfiuence of light 
(B) Use of Latex — Although a dispersion of 
natoial rubber m water stabilised with ammonia 
has now been available for many years, its use 
as a waterproofing agent for textile fabnes 
does not appear to have made much progress 
owmg mainly to its poor penetrating properties 
and lack of adhesiveness Further, unlike a 
coating of rubber dough, tbe rubber particles 
m latex do not become semi fluid during vul 
caniBing As a result, surfaces that have been 
coated with latex are not smooth and the finished 
effects are often unsatisfactory Various means 
of overcoming these defects have been proposed 
but, iQ general, tbe methods are more costly 
and do not yield any better results, apart, per 
baps, from a sbghtly improved quality, com 
pared ■with efferts produced by tbe rubber 
dough process On tbe other hand, the low 
capital coat of the plant for applying latex, com 
pared with that for the robber dough process 
should be an important factor in the exploration 
of possible uses of latex in finishing textiles 
Latex films or coatmgs are usually vulcanised 
or cured in air, or water at <100®C In this 
process, so called ultra accelerators are often 
used and, as milli ng is unnecessary, the defect 
of acorching does not occur Water soluble 
ultra accelerators, e g the carbon disulphide 
reaction products of dimethylanune, pipendine 
and also the suitable alkali metal zanthates 
are to be preferred when curing lakes place in 
hot water Apart from its use for the prodac 
tioo of a waterproof finish, later, either alone 
ot m conjunction with other film forming sub 
stances, js finding many novel appbcations 
m tho textile uidostnes, but as many of them 
are in tbe initial stages of development, it is 
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rarely falls below 30% A few special types of 
waterproof coverings characterised by the 
absence of a tacky and greasy handle, hnt 
possessing flexibility even at low temperatures 
and resistance to softenmg on warming are 
weighted only to about 20% In such cases, 
mixtures of hard waxes and petrolatum, to 
gether with a httle aluminium stearate as 
toughening medium, are often used , the ratio 
of the weight of the above mixture to the weight 
of the solvent used is calculated, after practical 
trials, to give the requisite degree of weighting 
to the flnished goods 

Waxes are dissolved in a petroleum fraction 
havmg a distfllmg range of about 265-340T , 
and a flash point of 86-90°F The impregnating 
solution or mixture is contamed in a ainall steam 
jacketed box, provided with three guide rollers 
which depress the cloth into, and guide it 
through, the mixture which is kept at a tempera 
ture of about 120*^ In one method, excess 
mix ture is removed from the surfaces of the 
cloth by the pressure on them of blunt blades 
or doctors, and the cloth then passes round a 
few steam heated cyhndera where the solvent 
13 removed and the liquid waxes etc , thus 
penetrate deeply into the fibres and, on Subse 
quent gradual coolmg, partly ^ up the 
interstices between warp and weft threads 
The effectiveness of the latter condition is 
largely dependent upon the concentration of 
the waxes, etc , in the impregnatmg mixture 
This method gives good penetration, but com 
plete closure of the spaces between the warp 
and weft is seldom achieved A better method 
IS first to d^tbe cloth over a senes of steam 
heated cylinders from which it is drawn directly 
mto the impregnatmg bath On leaving the 
latter, it is subjected to flexmg and friction by 
drawing it over a senes of six staggered steel i 
rollers, and the cooling effect caused by the 
travel of the cloth effects an increase in the via 
cosity of the waterproofing medium which, m 
conjunction with the action of the steel rollers, 
yields A more fully closed waterproof effect than 
the method descnbed previously Many other 
■vsnStioirs ifi unA'iiufla are xn T»e, e Jf 
padding method in which the cloth is squeezed 
as soon as it emerges from the impregnating 
bath The rollers of machmes of this type are 
often made now of synthetic rubber wfaich is 
onl^ slightly affected by the solvent in the im 
pregnatmg mixture In certain other methods, 
a pasty wax impregnatmg mixture is applied 
to one or both surfaces of the cloth, the cloth 
IS then passed over coolmg rollers and dned in a 
hot flue 

The real effectiveness of all waterproofing 
methods is dependent largely on the con 
centration and efficiency of the water repellant 
agents used, and the penetrating power of the 
carrying m^um, 1 1 the solvent or other dis 
pctsiDg agent, on the nature of the cloth to be 
treated, » e whether close or open mesh, and 
whether made from tightly or loosely spun j ams, 
on its weight per unit area, and the particular 
method of, and the type of machme used in 
applying the dispersion of waterproofing 
matenals In general, the best methods are 
obtained when heavy cloths are completely un ; 


pregnated with hot moderately concentrated 
solutions, if the concentration of the water 
proofing agents is reduced below a minimum 
point, the effects obtained are of the porous 
showerproof or water repellant type When 
the waterproofing medium is apphed to one or 
both sides of the cloth, t e the so called coatmg 
process, the resultant continuous waterproof 
homogeneous films often show poor resistance 
to wear and tear, especially m the case of wax 
coatings , if the film breaks, the matenal soon 
ceases to exhibit water repellancy Coating 
methods m which solutions of wax, etc , are 
used, find considerable application however, 
in the finishmg of low weight cloths of fairly 
open textures An example of a method of 
waterproofing (and weightmg) heavy canvas 
cloth for use as an out of doors protective 
covering matenal is as follows 23 lb petrola 
turn, m p ISS^F , and 20 lb paraffin wax, m p 
124®P , are melted m an electncally heated pan, 
30 lb petroleum bitumen are added and the 
whole stirred until the latter has dissolved 
Finally, the mixture is poured through a sieve 
and allowed to cool When required for use/ 
definite weights of the product are heated 
gently and thinned with varymg amounts of a 
suitable petroleum oil fraction according to the 
kind of finish required, the type of canvas etc , 
to be impiegnated, and whether or not the 
material passes between squeezing roUers after 
leaving the imprematmg box An average 
concentration is about 50% This mixture 
yields a brownish coloured finish which may be 
toned, if desired by adding a portion of a well 
ground paste of iron oxide to the hot wax 
bitumen preparation Also extenders, e g 
asbestine, may be added for cheaper goods 
Impregnation of the canvas is achieved by 
drawing it at a speed of about 40 yards per 
minute through the mixture at 11&'I20^F 
After leaving the impregnatmg box, the cloth 
travels a short distance horizontally to the first 
of a senes of smooth steel flexmg rollers, excess 
mixture bemg removed while it is traveUmg 
horizontally by means of two doctor blades 
ifrucb are p'laced a ^nott distance apait and 
caused to press upon the two sides of the cloth 
immediately above the impregnatmg box, so 
that excess mixture falls back into it After 
pasamg round the steel rollers, the canvas is 
looped on rods and is then conveyed by cham 
mechanism mto an enclosed drymg chamber 
m which the temperature is mamtained at 
112*F 

SnowEEFEOor on \\ ater Retellavt 
ErrXCTS — Closely woven or dense fabncs in 
vanably give better results than those of a more 
open structure on treatment with water repel 
lant substances The oldest process, which is 
atill used to a considerable extent is earned 
oat by precipitatmg on the fibres alumiaium 
salts of fatty acids of high molecular weight 
Thus cotton fabnc is impregnated with (o) a 
solution of good quality soap contaimng about 
lJ-2 oz per gallon and then, after squeezing 
out excess liquor, with (b) a smtable alummium 
salt, e g the acetate or formate Operations 
(fl) and (6) may be earned out m the reverse 
order In the case of woollen and worsted 



193 


FINISHING textile FABRICS 


nuxtnre which, on subsequent heating, under 
goes pojymensation tn situ to a water insoluble 
compound Amongst these compounds are 
mixtures of long chain abphatic denvatiTes of 
urea, c g octadecylurea, with formaldehyde, 
whidi ^t form methylol condensates, e g 
C 18 H 37 NH CO NH CHj OH, and then, on 
subsequent heatmg, polymerise to yield com 
plex insoluble compounds Mixtures of mela 
mme, 

C NH, 

/ N. 

N N 

II i 

H.NC CNH, 

and formaldehyde also yield fipisbcd effects 
fast to washing after beat hardening (cf B P 
466015) JIany other mixtures, which behave 
m a somewhat analogous manner, have been 
patented, hut their uses m fimshing textile 
fahncs are in the early stages of exploitation 
FLAllEPBOOFiyO COTTOK AND RaYON FaBBICS 
—It 18 well known that moat textile fabrics axe ; 
hable to bum more or less quickly m air on 
appkcation of heat, whereby the temperatore 
rises to a point termed the igmtion point Some 
times spontaneous ignition occurs owing to the 
presence on the fibres of thm films of semi 
drying Tegetable oil, this phenomenon is due 
to auto oxidation induced by the presence of 
unsaturated carbon bonds m the oil molecules 
In general, those fibres which are free from 
natural impurities are more lofiamniable than 
raw fibres, whilst the physical form of the 
material is a determining factor m assessuig the 
degree of infiammabibtr Thus, cotton fian 
nefette, « e cotton cloth with a raised fluffy 
surface, is much more liable to take fire m 
presence of a flame than is a piece of ordioaiy 
cotton cloth Also, cellulose fibres take fire 
more readily and bum more rapidly than do 
protem fibres Itlethods of iWucmg this 
dangerous attribute of fibres have been in use 
for generations The oldest method is to in 
corporate. awitaWe mergawie esAie the ffnnh 
ing paste or mixture spphed to cloths before the 
finishing operations, or in cases of structures 
which need to remain soft and supple, e g fine 
cotton fabrics, rayon fabrics, etc , with solutions 
of inorgamc salts alone Ordinary ammonium 
salts, e g smmomom chloride, phosphate and 
sulphate, have been m use as flameproofing 
agents for many decades, as also have borax, 
bone acid, disodium hydrogen phosphate Simple 
impregnation of fibres nith water soluble salts 
of the kind mentioned, followed by drying to 
remove excess water, yields a flameproof effect 
which, of course, is not permanent, i e it is not 
fast to washmg, so that when fast to washing 
flameproofeffectsarerequired, it 18 customary to 
modify the process in order to bnng about the 
precipitation in the fibre of insoluble metafile 
salts or oxides, t g aluminium phosphate or sib 
cate, stannous tungstate (from sodium tungstate 
and stannous chlonde], zinc compounds, etc 
^Vhlchevcr method is adopted, the same initial 
procedure is adopted , the cloth is impregnated 
on a padding machine with a solution of th^e sub 


stance or substances chosen, followed by drymg 
If the deposition of an insoluble salt is required, 
the treated doth is next impregnated with a 
water soluble salt contammg a positive ion which 
IS capable of mteractmg with the negative ion 
of the salt already present on the cloth, to 
produce the required product Thus, if the first 
salt 13 disodium hydrogen phosphate, the second 
may be aluminium acetate Cloth Which has 
been treated with these salts is allowed to he 
for some time and then dried on steam heated 
drums If excess alummium acetate is used, a 
final soaping of the cloth yields alummium soap 
which helps to preserve the flameproof effect 
against repeated washmg Dlixturea of borax 
and bone acid give excellent results, but, m cases 
of dyed goods, it is necessary to use products 
that do not alter the shades Recently a very 
simple treatment, consistmg m the use of solu 
tions of ammomum sulphamate, has been mtro 
duced Over 100 000 yards of fabric employed 
at the New York Fair, 1940, were flameproofed 
xnth this compound 

The substances enumerated are also suitable 
for flameproofing raj on fabnes An mterestmg 
development is the addition of flameproofing 
agents to the solutions used m “ spinning ” arti 
ficial fibres Several recent patent specincations 
deaUng with the formation, tn tUu, of complex 
organic or semi organic condensates, appear to 
indicate the trend of much work being earned on 
IQ the search for a satisfactory flameproof finish 
for cellulosic materials 

Crease Resistinq Finished ErrEOTS — 
It IS a matter of common observation that cellu 
losic fabnes tend to crease readily when non 
uniform layers of matenal are subjected to 
etram, moreover, tbe creases are not easily 
removed m contrast with analogous effects on 
wool and silk fabnes The latter, therefore, are 
said to possess the property of tecovermg more 
or less quickly from physical deformation, t e 
in companson with cellulosic fabnes, silk and 
wool structures exhibit the phenomon of elastic 
bysteiesis only to a small extent Tbe scientific 
explanation of this difference is mtimately con 
with differenwa w. moUcuIat atriiViiea 
which, m the case of cellulosic matenals, leads 
to a dissipation of some of the energy of defer 
mation (This aspect of the subject is best 
considered in connection with a study of modem 
views on the molecular structures of fibres as 
deduced by specialist workers m organic 
chemistry and in X ray diffraction analyses) 
Practical methods of rendering cellulosic fabnes 
crease resistant in an economical manner began 
to attract tbe attention of textile chemists in 
I928(c/ oZsop 19Id), whencertainpatentspecifi 
cations commonly known as the Tootal patents 
(cf BP 201473, 291474, 3W900, etc) were 
pnbhsbed These refer to the use of resmons 
area and phenol formaldehyde partial con 
densates produced in situ on the cloth to be 
rendered crease resistant A large number of 
other substances and methods, designed to 
produce these effects as well as combined crease 
resistant and water repellant, etc , effects, have 
been patented during recent years, but the 
original process still appears to be the most 
wi^ly used fimee phenolic condensates tend 
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to give yellowisli semi-brittle effects, it is the 
invariable practice now to use the urea-formalde- 
hyde process, which is carried out by impreg- 
nating ceUulosic fabrics, preferably in a swollen 
or semi-swollen state with a solution containing 
urea and formaldehyde in presence of an acid 
.catalyst followed by drying, cooling and finally 
baking (condensation) at about loO'C. Boric, 
tartaric, etc., acids may be used as catalysts. 
Thus, cotton cloth, which has been scoured with 
soda ash and soap, bleached with calcium hypo- 
chlorite solution, rinsed until free from residual 
chemicals and dried well, is impregnated on a 
padding machine with a solution containing 
20-30% of 40% formaldehyde, 10% of urea 
and 0-75% of tartaric acid, and excess liquor 
removed either by means of two smaU-diameter 
squeezing rollers or a suction hydro-extractor, 
dried as rapidly as possible, cooled, subjected 
to a heat treatment at 150-160°C. for a short 
time, washed in hot soap liquor, rinsed well j 
and dried. Combined crease-resistant and ! 
waterproof effects (cf. B.P. 413328) are obtained 
by first impregnating cloth with aluminium 
acetate solution, squeezing and heating; the 
cloth, which now contains aluminium hydroxide, 
is then treated, as already outlined above, with 
an initial condensate of resin components, soured, 
rinsed, dried, heated at 170°C. for two minutes, 
soaped, rinsed and dried. Viscose rayon which 
has been treated in this way does not leave 
weab or edges if spotted with water, whereas I 
ordinary viscose rayon leaves objectionable 
marks. Condensates of stearamide and form- 
aldehyde and certain complex quaternary am- 
monium salts, etc., have also been suggested 
for -the production of crease-resistant, spot- 
proof finished effects. 

JIuLTiPLY Fabrics. — A few years ago a 
method of producing multiply fabrics by utilising 
cellulose acetate fibres as bonding agent was 
introduced. Shortly afterwards so-called " Trtt- 
bcniscd" collars, cuffs, etc., appeared in com- 
merce. In the original manufacture of multiply 
fabrics of this tj*pe, two layers of cotton cloth 
containing cellulose acetate rayon threads were 
placed one on top of the other and then ironed 
or calendered at about 20ff^G. ; at this tempera- 
ture the cellulose acetate threads become sticky 
or resinous (ouing to their thermoplastic 
property) and adhere tenaciously to the interior 
and adjacent threads of the superimposed 
fabrics so that a permanently bonded fabric is 
obtained. At a later jieriod it was found that 
bonding could be achieved more efficiently by 
carrying it out in presence of liquid swclbng 
•agents for the cellulose ester ; in another modifi- 
cation. a thin film of cellulose acetate is inter- 
posed l)ctween two havers of cotton and bonding 
effected .a.s dcscribwl. Many other patent 
specifications relating to the production of 
multiply fabrics have l)ccn granted ; a.s a rule 
they refer to the usc.s of different thcrmopl.a.stic 
compounds os bonding agent.s. One of the most 
promising methods is carried out by coating .a 
fabric on one side \rith a sohition of a synthetic 
rc.sin, c.p. a solution of a pohuncr of methyl 
methacrylate in toluene. After dtying to re- 
move toluene, the coated fabric m.ay l>e stored 
until required. In actu.al manufacture of 


multiply fabrics from this material, layers of 
ordinary fabric are superimposed on one another 
with layers of the coated fabric between them 
and the whole hot-calendered to bind all the 
layers into one compact assemblj-. 

Aqueous emulsions of special synthetic resin 
polymers are also available now for use in the 
manufacture of multiply fabrics. 

Finishing Rayon Cloths. 

In considering the practice of fim'shing ravon 
cloths it is important first to note that the 
progress made in their construction during the 
last decade has resulted in the introduction of 
scores of differing fabric types as regular articles 
of commerce. For example, in addition to con- 
structions consisting of 100% viscose raj-on, 
100% cellulose acetate and 100% cuprammonium 
rayon respectively, a large number of cloths 
containing (a) two kinds of rayon, (6) rayon and 
cotton, (c) rayon and silk, etc., are of great 
importance, as also are rayon fabrics woven 
partly, or entirely, from spun rayon, i.c. fine 
raw filament rayon which, after having been 
cut into short lengths and purified, etc., has been 
spun into yarn in an analogous manner to that 
used for spinning raw cotton. Apart from the 
nature of the fibres present in warp and weft 
yarns used in weaving the various fabrics, the 
physical forms of the yarns and the constructions 
or weaves employed mainlj* determine the trade 
names given to the commercial types of fabric 
manofactured. Most rai'on or mixed rayon 
fabrics are of the plain weave type, the best 
known being termed twills, satins, chiffons, 
voiles, crepes, etc. Amongst the most important 
of these, at present, are the v.irions kinds of 
crepe fabric, rayon-cotton h'ning.s tu-ills, etc. 

It is prohablj- true to say that no tjqie of 
fabric made from natmml fibres demands the 
exercise of so much care in wet processing 
operations, as well as in the final finisliing 
operations, ns do rayon goods. Even if the fact 
that modem rayon fabrics arc of widely different 
constructions is ruled out, it h.is always to be 
borne in mind that ordinary wet rayon is 
about 50% lower in strength than the dry fibre, 
whilst even a higher diminution in strength is 
shosvn bj' spun rayon when wet. .-Vll tyj>es of 
ravon fabrics, therefore, are very susceptible to 
deformation if subjected, while wet, to hizii 
strains and strc'ses, with the inevitable develop- 
ment of faults of a specific kind. Consequently, 
it is the general practice to u=e wet-proles'- ms 
mnehinery specially designeil to im[vi=c as liltl” 
strain as"l>ossible 'on the fabric's (iurinz treat- 
ment. The main work of the rayon finidi'-r is 
usunllv directed townnls the prcKlurtion of 
fabrics posscssinn softne--, .and poev’ draping 
properties, althoiieh .stiffness can t>" c’-ily in:- 

р. artcd whenever required. 

* 100% rfrro'' FcK’-ic .'. — Fabrics of open 

constniction .and thos- ni.adc from lo.-'-dy spun 
vams .are usually proi'r--'d on jig- or paddi.ug 
maebrncs. Tl'.c 'pieces of ebath. .after i a-.iug 
l)een r.iarkcsl at t arh cn<i for i b ntii'c.a*,! •n pur- 
pose-!. .are uound on to sb'-lb or l-'ams. c-Tc 
lieiiig t-aks-n that no cre-i''-'- -I’n' intreriuev-! : 

с. ach lic.am may <v-nfain bun'l.’a--; y.-.r.i" 



of cloth If the Tcarp threads contain starch 
(used in sizing them before Tcearing), the cloth 
IS passed first through a iceak solution of malt 
extract or other desizmg acent at about 140"F 
and, if considered advisable, the cloth is allovred 
to stand for a short time so as to ensure con 
version of the starch into water «oluhle products 
The cloth is next washed in water and scoured 
in a boiling solution of soda ash and ’'oap, 
washed again, dyed, rmsed, treated with a weak, 
solution of a softening agent, hydro extracted in 
open width and dried , it is then dampened with 
steam, dried on a stentenng machine, passed 
through a Palmer machine (see p 201c) andfinally 
calendered on a light 3 bowl machine In the 
modem manufacture of 100% rayon fabrics, it 
18 customarj now to use gelatin instead of 
starch in sizing the warp threads , this type of 
size IS readily removed in the scouring operation, 
or a preliminary treatment with a hot solution 
of a proteolytic enzymatic preparation may be 
carri^ out 

Other 100% auscose rayon flat goods, e g 
twills, taffetas, sateens, etc , are prepared, dy^ 
and finished in an analogous manner Fabrics 
of spun vi«co«e ravon (staple fibre) are nsuallv 
treated in rope form dunng scouring and 
and as starch is generally present on the warp 
threads, a careful destzing treatment is essentiek 
As already mentioned, the pronounced weakness 
of wet goods contauung viscose staple fibre 
demands that they should receive the minimum 
amount of handling Slow drying and not too 
much tension during stentenng of the hynlro 
extracteil cloth result in the development of 
excellent finished effects 

T iMtue i?flyo)i-Co//oa Fahna — Manv fabnes 
of this type, «g so called " alpacas,” warp 
stnped (ravon) poplins, warp and weft stnpra 
(rayon) shirting^, etc, were formerly scoured, 
etc , in rope form with S^Tw soda ash solution 
and 2% soap in kiers at 1SO>200^F for hours 
In modem scouring practice, however, it is 
customary to carrv out the process continuously 
m batteries of machines designed to draw the 
cloth in slack form through the scouring liquor 
contained in boxes, above which are oval 
-na’iis, mA ■vrfupa.'i '/i nftvrmMxnb 
squeezing between rubber covered rollers The 
cloth 13 singed fir«t, then deaized and passed l 
through hot arator contained in the first box 
of the machine , it is next drawn over a reel, 
squeezed between roUeis and entered into 
scouring hquor (second box) con«isting of about 
1 5% s^a ash and 2% soap (on the weight of 
the cloth), together with a small amount of an 
emulsified solvent Fresh scounng liquor is 
added regularly from a stock supply tank , 
after passing over the second reel, the cloth is 
squeezed again and drawn forward through 
another scouring hquor contained m the third 
box, squeezed and so on , the third and fourth 
boxes contain hot and col 1 water, re«pectivelv 
Finally, the cloth is scutched (opened out), I 
mangled (squeezed between a pair of roller^ 
one of which is brass and the other covered with 
rubber), and dned on steam heated cylinders 
If desired, the cloth is then impregnated with a 
weak solution of a softening agent, squeezed 
well, dned and stretched on a stenter, passed 


through a Palmer finishing machine (seep 201c) 
and l^htly calendered ^lanv variations ofthis 
procednre are used to suit the different types 
of fabnes or to utilise exi tins plant, installed 
m the works 

Union Ziniiiys conlainxng Rayon — The«e 
are usually woven with a vi-cose ravon warp 
and a cotton weft, or they niav I'e made of 
lOO^o cellulose acetate rayon Linings are 
pommonlv wet proce* ed m open width , those 
consHtmg of viscose rayon and cotton undergo 
treatment similar to that described m the pre- 
ceding paragraphs 

lOO^o Cellulose Aedaie Rayon Cloths — Flat 
cloths, e g satms, taffetas, linings, etc , are 
often processed as follows 

IxsPEcnov, Sewing axd Beaming — The 
cloth is first examined for obvious defects, « g 
tears stains, etc , an end cloth, a few vnrds 
I long, is then «ewn to one end of the first piece 
of doth , the end of the latter is next «ewn to 
the upper end of the second piece, and 'io on, 
until the requisite number of pieces for eollecfive 
treatment have been assembled, finally, an 
end doth is sewn on to the end of the last piece 
of doth in the assembly The first end cloth 
13 then wrapped round the wooden shell of a 
beaming machine and the machine set in motion 
As the doth is slowlv and very carefully wound 
on to the shell it is exammed for defects wbch 
are noted carefully for future reference The 
batched, relied or beamed cloth mu<t be free 
from creases , in «ome coses it is best to re wind 
the doth on to a second shell op lieam so as 
to ensure freedom from crea«es nnd to make 
the selvedges at the sides of the beam perftctla 
even 

Scouring or Boiling Oft —T he beam is 
placed on a Jig nnd the cloth on it draan through 
cold water contained in the trough of the jig 
and beamed on anotlier «hell on the opjioaite side 
of the Jig, m this operation pvarticular care is 
exerci«ed in the judicious uxe of expander bars 
in order to make sure that all crcaaea are 
eliDunated Light weight cloth is then draini 
through a solution (about J% concentration) of 
a suitable commercial enzyme preparation at 
, mA ttuuiA am \o 'I’lfb 7«g itlian, 
operation being repeated about four times , one 
passage through the liquor of the whole of the 
doth IS termed an “ end A solution of good 
quahly soap, usually with adibtion of a higher 
fatty alcohol sulphate, so as to give a soap con 
centration of alwut nnd J% fatty alcohol 
sulphate, respectively , is then addeil to the bath 
The doth is passed through the liquor at about 
120-140’F for 4-6 ends, the hquor discharged 
and the doth ringed m warm water, when it is 
ready for dyeing The scounng liquor in 
grodients are vnn^ from time to time according 
tothenatureofthecloth to be processed Thuo, 
an emubion of xylene with Turkey red oil and 
soap is often u«ed for hght goods, espcciaUa 
when they have to be bleached, the treatment 
m such eases maa begin at a low temperature 
(the desiring hquor having been discharged) 
and gradually increased to not higher than 
180®F for bright finished, and 200°i- for dull 
lustre, poods Bleaching, if needed is earned 
out by passing the doth for G ends at ordinary 






and it needs to be deposited within the fibres, 
whereas m the prodnction of a non shp ream 
finish, about i— 1% resin gives satisfactory 
results, since its purpose is merely to act as a 
bonding material for the warp and weft threads 
at their surfaces only The most suitable resm 
to use appears to be a urea formaldehyde con 
densate, hut other substances capable of bonding 
the fibre surfaces can be used The dry cloth 
(scoured, bleached and/or dyed) is impregnated 
with the “ resm ” solution, sqneezed, stretched 
and dried on a stenter at the required width and 
finally heated at a high temperature The 
finished effect should prevent the fibres from 
frajung and should he fast to repeated washing, 
dry cleaning and hot pressing The ream treat 
ment may be extendi, in certam cases, to set 
or stabilise the fibres m fabncs Thus, fabrics 
made from staple fibre tend easfly to stretch, 
sag and shrink in use, but if they are treated 
with a resin solution (equivalent to li-2% resm 
on the weight of the cloth) and the resm “cared’ 
as outhned above, they become not only resistant 
to abrasion, but are stabilised agamst the 
defects enumerated above 

When the resm has been ‘ cured,” the fabncs 
may be subjected to other finishmg operations 
in order to subdue the shghtly harsh ‘ handle ’ 
that may be caused by its presence Resm 
finished effects may also he produced on other 
kinds of fabncs 

Delijstri’io oa MiTnifo Pbocesses —In the 
early days of the rayon industry, the usual 
Siusbed effect on rayon fabncs was of a lustrous 
type In some cases, e g viscose rayon fabncs, 
the fimshed effect was often described as having 
a metallic lustre which, in addition to the fact 
that such an appearance envisaged the lack of 
warmth, inevitably led to the view that it did 
not accord with aesthetic prmaples as apphed 
to articles of dress 

Hence, after the early penod of development 
m the rayon industry, there arose an insistent 
demand for fabncs exhibiting subdued lustre, 
t e. a lustre more approaching that of, or even 
considerably less than that commonly exhibited 
by silk goods At first, it was customary, as is 
often tfie case now, to matt or delustre rayon 
fabncs during the finishing process, but rayon 
manufacturers also gradually modified their 
“ spuming ” techmque so that, to day, yams 
of widely diffenng degrees of lustre can be I 
purchased for weaving or kmttmg purposes (see | 
Fibres Artiticial, t^sVol ,p 12^} 

Delustnng or mattmg lustrous fabncs may 
be accomplished m various ways Thus, the 
lustre of ordmary cellulose acetate rayon fabncs 
IS considerably reduced if the fabncs are treated, 
without tension, with boding soap solution for 
some time The dulling effect, m this case, is 
accelerated by the presence of a btlle j&wiol, 
bat it IS essential to maintain the of the 
bath within narrow limits , dulling is inhibited 
if the matenal is treated while m a stretched 
condition Conversely, the dull effect, obtained 
as indicated, reverts to the lustrous type if the 
fabnc IS dr\ steamed or heated under pressure 
m presence of a awellmg agent 

The readiness with which cellulose acetate 
rayon fabncs are delustred depends to a con 


Isidetable extent on the actual manufactnrmg 
I process used m making the yams Thus, if 
j certam substances, e g alkyl esters of higher 
1 fatty acids, are present in the spinnmg dope, the 
resultant dry spun threads quickly acquire a 
nniform delusti^ appearance when treated m 
hot soap solution, a similar, but more pro 
nounced, effect occurs if titanium oxide is dia 
persed m the spinnmg dope Many other 
substances have been advocated for addition 
to the dope so as to obtam delustred filaments 
directly on “ spmmng ” When cellulose acetate 
yams having different physical properties are 
present m a fabnc, it is possible to obtam um 
form doll fimshed effects by subjectmg the fabric 
to a prehmmary oxidising action with dilute 
hydrogen peroxide follow^ by the usual hot 
soap treatment 

I Lustrous viscose-rayon fabncs are oftenmatted 
Idnnng the fi nishin g process by impregnatmg 
I them with an aqueous dispersion of china clay, 

; zme oxide, titamum oxide, etc , previously 
emulsified with soap, glue, etc Permanently 
dull effects are obtamed on both viscose and 
cellulose acetate rayon fabncs by treatment with 
I a solubon of a smtable siLcofiuonde in such a 
! way as to mduce the deposition, by hydrolysis, 
of sihcic acid, which is partly dehyctated on 
drying 

One of the most mteresting problems con 
cened with delustnng methods applicable to 
cellulose acetate rayon goods is due to the 
difficulty of obtaining satisfactory results on 
fabncs dyed in dark shades, especially blacks 
and dark blues If, for example, an ordinary 
fabnc which has been matted with hot soap 
solution is dyed a deep black, a large number 
of dye particles are deposited on the surfaces 
of the fibres and it is possible that the porous 
stracture apparently developed by the delustnng 
operation is thereby “ filled up, thus restonng 
the lustre 

Froisarvo Cr£pe Fabrics — Fabncs showing 

I crepe or raised pebble effects and made from 
natural fibres, especially silk, have been known 
for several decades, but it is only withm the 
last 10-12 years that rayon crepe fabncs have 
been developed* to suefi an extent tfiat tfiey rank 
now as highly popular fabrics for the dress goods 
trade, w hils t they are finding increased use as 
farmshing fabncs 

In order to understand the pnnciples involved 
in finishing crepe fabncs, it is necessary first to 
consider certam points relating to tbeir manu 
facture It is a matter of common observation 
that if a dry string or a senes of parallel strings 
IS twisted about its longitudinal axis, it fends 
to untwist as soon as the twisting force is 
removed , if it is wetted out thoroughly, while 
held in the twisted state, however, the m 
dividual filaments swell and, on removing ten 
Bion, untwisting begins and proceeds to a greater 
extent than m the case of twisted dry fibres 
In the manufacture of crepe fabncs, highly 
twisted yam is generally used for the weft and 
a low twist yam for the warp The torsional 
energy introduced into the weft, or crepe yam, 
donng throwing (twisting) remains quiescent 
as long as the fabnc is kept in the drv state, 
if it 13 wetted, however, as m the initial fimshmg 
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semi full width form This machine is often 
divided into senes of compartments above which 
are placed revolving elhptical shaped reels, 
each section of the machine is used for a specific 
purpose, c g (a) scourmg at about 180®F , 
(6) second scourmg in clean hquor at a sbghtly 
lower temperature, (c) rmsing m hot watCT, 
(d) nnsing m warm and (e) cold water Usually 
the liquor in each section is caused to circulate 
in the same direction as the cloth, while the 
latter moves progressively from dirty towards 
clean scounng hquor and finally to hot and cold 
water After scourmg, the cloth is separated at 
the sewn ends and is ready for bleaching and/or 
dyeing and dry finishing 
A typical creping hquor contains the following 
mgredients m the respective concentrations 
1% good quahty oil soap, ^5-^% soda ash, 
svdpl^ted fatty alcohol and wetting 
out agent , a typical scouring hquor contains 
i% good quality soap, J% tnbaaic sodium phos 
phate and sulphated fatty alcohol 

Sufficient amounts of these substances are added 
from time to time to maintain their scouring 
efficiency and reqmsite but ultimately the 
baths become so dirty that they have to be 
replaced by fresh hquors 
BtEaemno and Dry Futishino — Goods to 
be fimsbed white or which have to be dyed in 
dehoate shades, are usually bleached Im 
mediately after criping, therefore, the cloth is 
scoured again with soap at about IfiO^F for 
30 minutes, rinsed well and cooled slowly It 
IS next bleached with sodium hypochlorite or 
hy^ogen peroxide as described on p 20I(i m 
connection with the finishing of 100% cellulose 
acetate rayon goods, and tinted m a fresh liquor 
containing a little of a mixture of a dye for 
cellulose acetate rayon and Acid Violet, 4BN, 
for the ViscOBe rayon weft The last senes of 
operations, which is often known collectively as 
d^ fimshing, includes the foIlowing'^-Hydro 
extractmg , opemng out of the cloth to its full 
width and sewmg the pieces together, drymg 
on a slack or loop drying machme , first stenter 
iDg,or framing, operation to impart initial width 
to the cloth (the cloth is passed over a steaming 
roller before it is stretched so as to simplify the 
operation and to remove creases) , impregnating 
with a warm or hot solution of a sulpbonated oil 
(or with a mixture of the latter and an emulsified 
BjTithetic resin in the case of fairly heavy crapes 
which need to possess a permanent fimshed effect 
with a soft handle) on a padding mangle followed 
by squeezing , drying , stentenng or framing to 
requisite fimshed width , calendering (this opera 
tion H usually needed for cloth which has been 
impregnated with a solution contaming modified 
starch, gum, etc ) “ Deeatising,” which is some 

times substituted for calendenng, tends to 
elimmate many of the defects, e g too mneb 
lustre, harsh feel, non uniform pebble effect, 
etc , that develop in previous operations It 
is earned out ns follows — About 300-600 yards 
of fabnc are wound, in contact with a blanket 
interlay, on to a perforated cloth covered drum 
High pressure steam is caused to pass no the 
drum and its perforations through the layers of 
material for a short time , as a result, the fibres 
become turgescent and, consequently, more 


easily mouldable, and this phenomenon com 
bined with the pressure of the blanket inter 
I lining tends to reduce gloss and give a more 
mufoim pebble effect When the steam supply 
IS shut off, a partial vacuum is formed m the 
dram whereby cool air is sucked through the 
j layers of cloth and excess moisture (from con 
densed steam) removed, but, at the same time, 
sufficient moisture is left in the cloth to yield 
conditioned matenal fully equal to that which 
baa been conditioned in air Finally, the fabrics 
ate inspected measured and made up into rolls, 
etc , for sale 

FINISHING OF WOOLLEN AND 
WORSTED FABRICS —The term “finish 
mg ’ broadly apphes to processes earned out 
on fabrics subsequent to weaving, and ter 
minating with complete fitness for use Prior 
to the present century it was almost entirely 
empirical, a system of operations de\ eloped 
from practical arts originated by trial and error 
tempered by observation and experience Only 
m recent years has it received theoretical atten 
tion To some extent it is now possible to 
develop ita methods from a basis of scientific 
principle and. for this purpose, account must be 
taken of the intrinsic properties of the raw 
matenal — wool substance and fibre— and there 
after the principles of physics, chemistry and 
engineenng are involved 

The fihrt belongs to the animal textile 
fibres and is unique in its totahty of properties 
Keratin, the particular sclero protein of wool 
yields as the most characteristic degradation 
product cystine, distinguished by its sulphur 
content The protein molecules, as investigated 
by X ray analysis, are assembled into elongated 
nuceUar chains cohenng laterally through their 
side chains, the cystine bokage being the most 
characteristic of these PhysicaDy these chemical 
protein micelles are aggregated into fibriUs. the 
mam microscopical basis of the wool fibre this 
fibrillar bundle is surrounded by the layer of 
scales whose points seen edgewise are the famihar 
“serrations,” another imiaue feature of wool 
The fibres in the fleece form rough irregular 
bebces and are wavy or cnmpled along their 
length Their dimensions may vary from 1 to 10 
in mlengtfa.andfromj^ton^m indiameter, 
veiy approximately In the broad physical 
aspect, wool is a mass of filaments and it is also 
a typical colloid, showing marked swelling 
property in water and chemical solutions to 
getber with the special elasticity phenomena 
characteristic of colloid substances To these 
particular chemical and physical features the 
special technical operations applied in spinning, 
weaving dyeing and finishing must be adapted 

Subsequent to certain prehmmary work such 
as mending, burbng perching, etc , the finislung 
caatinea on piece goods may be classified into 
wet and dry processes 

WxT OrzRATiovs — Crabbing or greasy blow- 
mg, scounng, piece carbonising, milling in 
soap* acid or “ in the grease ” , boding or 
potting, piece dyemg or bleaching , mechanical 
drying, e p by mangle or centnfuge , heat dry- 
ing, eg tentermg, waterproofing, weighting, 
shimking 
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m a special evacuated receiver as chlorine gas 
(Wool Ind Res Assoc, BP 417719) A novel 
shr inki ng process uses sulphuryl chloride (Hall, 
Hosieiy Times, 1937, 11, No 99, 22, 25) 

The Milling, Fulling or Felting of Wool 
— This characteristic phenomenon is the founda 
tion of many finishing methods apphed to wool 
goods and its rationale is still a matter of acute 
controversy The terms milli ng and falling are 
properly names of operations, the word “ felt 
ing ” being really descriptive of the interlacing 
or entanglement of wool fibres which is the 
essential feature Actually, " felts ” may be 
composed of other filaments, and in practice 
structures mainly compounded of fibres other 
than wool — for example jute — are bo described 
But the wool fibre felts so readily and produces 
masses of so much greater density and elastic 
strength, that it is necessary to discusa the epecial 
factors responsible for this Youatt s century old 
speculation that the scales, by their projecting 
edges, caused an interlocking, leading to felting, 
can hardly be accepted to day, but variations 
ascribing special ‘ fibre travel ’ effects to tbis 
feature are still put forward It must not be 
forgotten that the woo! fibre has at least half a 
dosen unique features spirahty, cnmpmess, 
scale structure, exceptional elastic strength, high 
swelling properly, etc , all of which enter into 
and facilitate the formation of felted masses 
Any type of mechanical stress'— tensile, bend 
mg, torsion and, m particular, compression will 
lead to the entanglement of filaments m 
practice, impact compression is used m the older 
stocks, and rolling pressure in the more generally 
used roller millin g machine Felting stresses in 
practice produce a porosity m the fabric — ratio 
of wool substance to total volume— of the order 
of approximately one third as a maximum, 
torsional stresses in yarn manufacture exceed 
this, attaining more nearly one half Practical 
millmg operations are earned out m acid or 
alkaline solutions or in soap, the essential factor 
apparently being the marked swelling of the 
wool tissue , the loss of rigidity then permitting 
mechamcal strums without breakage On 
mg out, the elastic properties of the normal 
wool colloid are regained All these considers 
tions point directly to the mechamcal factor 
as the primary basis of felting, and felting should 
be studied with masses of wool, where the 
phenomenon is exhibited m a typical form 
and the comphcations added by spinning and 
weaving are absent In technical practice the 
progress and extent of the milli ng operation are 
measured by shrinkage, usually width shnnt 
age, this 13 sufficient for practical purposes 
but IS fallacious as a research method The 
felting action could be— and m many cases 
IS— marked by the relaxation shrinkages due 
to the release of strains from the spinning and 
weaving operations It i3 therefore evident that 
future progress in cloth milling must come from 
the mechamcal side At present, pieces are 
milled either mdividually or in small numbers 
the operation is m practice discontinuous and 
involves much tedious and costly hand work 
But it IS essential both in itself and as a basis 
for raised and other Cmshes, especially on the 
woollen side of the industry 


Other SlECHAiaoAL Processes — ^The pnn 
cipal of these are (i) Shearmg, (ii) Raismg, (iii) 
Posing 

(i) Shearing, Cutting or Cropping — This 
IS the most purely mechanical of the finishing 
operations and being conducted on the dry cloth 
involvea neither physical nor chemical pnn 
ciples Judged from an engineermg standpomt, 
tlm machinery is the most accurate of all finis h 
mg plant cuttmg machmea may be adjusted 
to a few hundredths of an inch All the wet 
operations performed on wool fabrics dis 
entangle loose fibres and, particularly on 
worsted goods, these must be removed All 
degrees of “clear fimsh ” are carried out in 
practice Modem shearing plant tends to the 
use of multiple machmes, as many as six blades 
being fitted into one machine but the three blade 
typo 18 porhape the most generally useful Certain 
modifications in the bed, blade, etc , enable fancy 
patterns, e g geometrical and fioral effects, to be 
produced by local removal or retention of the 
pile, snch materiak, which have an occasional 
or teenmng vogue, are known as imitation 
Jacquards, fancy velours, etc 
(u) The Raising Process — This is his 
torically one of the oldest of fimshing operations 
Following upon a fulhng operation effected by 
trampling the cloth, it was practised m Roman 
times by the use of the familiar teazle This 
treditiooal apphance is still employed for certain 
special finishes, e g the dress face pile upon 
billiard cloths, etc But the bulk of mociem 
raismg is performed by raising plant of the wire 
card type, developed m a practical form m the 
eighties by Grosselin, this method permits of 
more powerful action with much increased out 
put liaising IS one of the characteristic opera 
tions on wool materials the fiuffy nap, pue or 
cover associated with woollen fabrics is one of 
the chief factors m the non conducting warmth 
promoting properties of such goods 
(ui) The Pressing Process — ^This is prac 
tised on wool fabrics for reasons almost entirely 
aesthetic, very few changes resulting in physical 
or mechanical jirojierties In either static or 

! dynamical forms, it nearly always employs the 
hydraulic pnnciple If considerations of output 
demand, then pressing by rollers — the equivalent 
of calendering in the cotton industry — ^is em 
ployed But the general predominance of raised 
or pile fimsbes in the wool industry precludes a 
too extensive use of pressing The older manual 
operations displayed in the fixed hydraulic 
paper press are now very largely superseded 
Automatic papenng and feeding, electric heat* 
iDg, full width pressing and many other recent 
improvements have displaced the hand worker 
HusnDiTY iK Wool Goods Fr^Hnia — 
The colloid properties of the wool fibre are funda 
mental in its practical utilisation In addition 
to the wet treatment already described most 
finishing processes involve the special moisture 
relations of wool substance Following on the 
■counng and milling operations, it is necessary 
to dry the fabric under defimte conditions of 
width and length. This is effected by two 
processes — 

I (1) Tenterlng — In the special case of 

I blankets the old system of diying “ m the fields ’* 
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quoted by H Bies, 1908 (al^o SO,, 0 35%) 
(For a large senes of analyses of Bntish ai^ 
foreign fire clays, r Percy s iletallu^y Fuel, 
1875, 87 } 

The celebrated fire clay of Stourbndge in 
Worcestershire is remarkable for the small 
amount of contraction that it undergoes when 
fired, the shrinkage of the unrefined clay being 
in some cases as low as 1% For the purpose 
of reducing shrinkage, fire clay is often mixed 
with ‘ grog,’ t e burnt fire clay, which has also 
the eflfect of givmg suflScient porosity to the 
fire bncks to enable them to withstand sudden 
changes of temperature A greater degree of 
porosity, with correspondingly less strength, 
required m the fire hncks of household stoves, 
IS often produced by mixing sawdust with the 
clay 

A fire clay occurring in the Millstone Grit 
series at Glenboig m Lanarkshire, baa been 
exammed by J W Gregory and D P Me 
Donald (Proc Roy Sac Edm 1910, 30, 348, 
374), who find that the fine grained clay sub 
stance forming the bulk of the material is 
present as minute rounded granules about 
0 001 mm in diameter, this is amorphous and 
not ciystalhne, and is referable to the mineral 
species halloysite rather than to kaoknite 
Embedded in it are abundant grams of quartz, 
some grams of felspar, and minute erj-stab of a 
rhombohedral carbonate referred to stdero 
plesite (a variety of chalrbite) A bauxitio clay 
from Ealwinmng, Ayrshire, contains boehmite 
and diaspora (J de I^pparent, Bull See Franf 
Min 1035,53,246, Sum Progr Geol Survey, 
Great Bntam, for 1934, 1936, pt 2, 1) 

DibUogmphy — H Ries, “ Claj^, their Occur 
rence, Properties, and U«es,” 3rd ed New York, 
1927, A B Searle, “ Chemistry and Physics of 
Gays” 2nd ed London, 1933, A B Searle. 
“ Refractory ilatenab,” 3rd ©d London. 1940 
L J S 

FIRE EXTINCTION AND PREVEN- 
TION — Combustion, as it exists m ordinary 
cases of fire, is due to the rajiid combmation of 
the bummg matenal with the oxygen of the air 
at temperatures above the ignition point It 
may be extinguished either by lowering the 
temperature of the burning mass below the 
pomt necessary for the continuance of the 
combustion, or by cutting off the access of air, 
and so depriving the combustion of the oxygen 
which 13 essential for its support 

The usual method adopts for extinguishing 
a fire is to poor on to the blazing matenal a btge 
volume of water, and this acts partly by render 
mg heat latent in its evaporation, and so coolmg 
down the burning mass, and partly by the steam 
generated dnvmg back the air and so giving 
time for the coolmg action to take effect 

The force with which the water is thrown 
upon the burnmg body also produces a con 
siderable effect by sweepmg the flame from the 
surface and so ertmguishing the bummg 
gaseous products 

Although, in round figures, 1 lb of weD-dned 
wood on combustion will convert about 5 lb 
of water into steam, yet m the early stages of 
re It is only the surface of the wood that u 


burmng, so that the 5 lb of water will have a 
useful effect over a considerable surface, whilst 
the steam generated occupies a volume about 
1,700 times that of the water used 

In the use of water, a certam amount of 
discretion is necessary, as otherwise undesired 
results may follow For instance, in a big 
warehouse fire, the lower portion soon becomes 
a mass of red hot carbonaceous matter, and if 
water is recklessly played into thi3, the water 
13 almost instantly tamed into steam, which is 
decomposed in passing through the surrounding 
red hot carbon, forming a mixture of hydrogen 
and carbon monoxide, known as “ water gas ’’ 
This gas IS mflammable, and bv its combustion 
adds to the general blaze, while, if it escapes 
bemg igmted, it may collect under ceilmgs and 
roofs, where, mixin g with air, it forms a highly 
explosive mixture hsble to be igmted by any 
chance fiame or spark. 

If, however, the water is directed on to the 
top of the mass, the carbonaceous matter is 
cooled downwards, so that the steam evolved 
does not pass through the glowing carbon, and 
there is thus the mimmnm generation of m 
flammable products 

The supply of water necessary for fire ex 
tiogmshing is usually derived from hydrants, 
fixed to street mams, which also supply water 
for domestic, samtary, and mannfactunng 
purposes 

A sufficient pressure is usually available from 
such sources of supply as to enable jets of water, 
distributed through flexible hose pipes, to reach 
to the seat of the Ire 

Where such pressure is inadequate, it u aug 
mented by portable pumpmg apparatus formuig 
part of the equipment of fire brigades 

No system of fire protection can be con 
sidered adequate that does not ensure a constant 
anpply of water under pressure at all hours of 
the day and night 

Automatic fire protection for the mtenor of 
buildings can be secured by the provision of a 
senes of sprinklers suitably situated and attached 
to ajpressure water jpijm^ system The orifices 
of the sprinklers are closed by a seahng device 
secured by a metal fusible at a temperature 
approximately 155°F As soon as such a 
temperature anses due to the heat of conflagra 
tion the sealing device coUapsea and water is 
distributed over the area desired 
The increasing use of oil products throughout 
the world calls for entirely special methods of 
extmctioD suited to the heavy risks involved • 

It has been found possible to extinguish 
burning oil, by bombarding the burning surface 
with water under pressure in a finely divided 
state, the particles of water in contact with the 
burnmg matenal forming a temporary but 
iscombustible emnlsioa Petrol, however, can 
not be dealt with successfully m this manner 
The practice most generally adopted for the 
protection of oil and petrol storage tanks is the 
application of a foaming substance containing 
carbomc acid gas, to the snrface of the oiL The 
first reference to such a substance amongst 
Engbsh patent records is that contamed in 
BP 18357 of 1906 to A G Laurent of Petro- 
grad 
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cylinders having capacities up to 100 lb weight 
Such a quantity when expanded into the 
atmosphere represents approximately 900 cu ft 
of gas at atmospheric pressure As many 
cylinders can bo employed ns the cubic capaaty 
of the fire risk area necessitates 
Normal air when diluted uith approximately 
25^0% of carbon dioxide at atmospheric 
pressure uill not support combustion, and under 
the regulations laid ilown by the International 
Convention for the Safety of Life at Sea, 1929. 
such concentration is called for in connection 
with the fire protection of cargo spaces of 
passenger carrying ships I or these purposes 
the gas should ^ released from its storage 
oyhnders as quickly na possible, and the orifices 
of the cyhndcra and the piping leading there 
from should bo so proportioned as to allow of 
this result being obtained nithout any tendency 
for such orifices to become obstructed by 
froreii particles through the rapid expansion of 
the gas from its liquid state 
To secure rapid distribution a variety of 
methods are in practice for the control of the 
cylinder \alvcs either at close quarters or from 
a distance The method moat generally in use 
is the pcrfurution of a metal <{iso closing the 
valve orifice either through a hand or mecliam 
tally operated loaer Distant and automatic 
control of distribution can bo obtained by 
thermostat devices 

A carbon dioxtdo equipment is usually 
earned on automobile apparatus, for use in 
aerodromes to deal with fires on crashed aireraft 
or m tho hangars Ily the instant release of a 
sufiioient quantity of gas distributed tbrougb a 
fioxible hose pipe it has been found possible 
temporarily to produce such conditions in the 
area of tho fiaming piano ns to allow tho approach I 
of a rescue squad to release personnel in | 
jc^ardy 

Carbon dioxide fire extinguishers are made m 
a variety of portable forms having cybndera up 
to 12 lb capacity for manual u«e, or with 
oylindcrs of capacities up to -10 lb for fixing on 
wilwAod .fjqnbaivw iSW.b ji/wiUaiwi? j.iy jsr . 
tremely useful m dealing with small fires m 
enclosed spaces, especially those involving 
burning oil with a suifaco combustion and those 
caused by defective insulation of clectno 
currents 

What is generally known ns the ** Chemical 
Extinguisher ' is Jaigely used for dealing with 
fire in its earliest stage It consists of a metal 
cy Imder of a eayiaeity approximating to 2 gallons 
containing a solution of sodium 1 icarbonato in 
water and an hermetically sealed ^lass tube 
containing Bulpbunc acid of a spociho gravity 
1 8 

Through the fracture of tho tube by internal 
means a chemical reaction is obtained, by which 
CO| gas at a sufhcicnt prcMuro ejects tho 
rontenta of the cylinder through a distnbuting 
noztle 

The COj gas is rapidly dissipated into the 
atmosphere and has little or no etiect on the fire, 
tho nduo of tho api Iianco ^ing a iradx source 
of water supply under pressure 
By the suMtitiition of a solution of aluminium 
sulphate for sulphuric acid and the addition of 


a stahihscr to the soda solution the chemical 
extinguisher can bo made to generate foam 
A chemical extinguisher to meet official require 
menu should ho constructed in accordance with 
tho specification of tho British Standards 
Institute 

A pail of water with a hand operated pump for 
lU distribution over tho area involved has been 
found in prnctieo to bo the simplest and most 
cfTectivo appliance for extinguishing Cro in its 
earliest stages 

The most complete handbook dealing xvith the 
above subject is tho " Croshy.risko Forster 
Hand Book of Firo Protection," pubhsLecl by 
the National Fire Protection Association, 
Boston, USA 
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FIREPROOFING OF FABRICS 
Wio term ''fireproofing ” as applied to fabrics 
is not used in tho dictionary sense It implies a 
treatment uith smtahio deposits wluch render 
the fabric meapablo of propagating flame Such 
A fabrio chars when brought into contact with 
an Igniting source, and tho gaseous dceom 
position products thus generated may bum on 
tho surface, but llamo is not propagated beyond 
the charred area I ireproofing may thus notice 
fire risks a ory considerably sineo the fabric does 
not then assist in tho spreading of flame 

A treatment which prevenU flame propaga 
tion may not neces«anlv prevent smouldonog 
or afterglow of fabric This may persist after 
the Igniting llamo has been removed and the 
whole of the fabric may be destroyed by flame 
less combustion The greatest degree of safety 
from Cro risks is thcremro obtaincxl by using a 
process which, besides preventing flame propngn 
tion, also provcnls afterglow, or m other woM«, 
po^aesees both fireproofing and glowproofing 
properties 

AUhough a wide variety of fireproofing treat 
ments nro known, employing single substanees 
or mixtures of various degws of complexity, 
they may bo claaaified into two types the 
Temporary or Soluble po wluch is removed by 
vnfroAaei .v.v*.l> .ravd .Uw JlnaiwwMit'f- /w 

Insoluble Tape which is intended for use on 
fabnea which aro to bo exposed in tho open or 
aro required to retain their fireproofness after 
washing 

BtlaUit iit/inmniabihty of tesiiU inatenaU — A 
strip of untreated cotton fabric suspended 
vertically and ignited at its lower edge bums 
with increasing rapidity until tho wliolo strip is 
consumed Alter tho passage of tho fiamo a 
black moss still possessing tho fabric stnicture is 
loft, wluch glows at tho edgea The glow 
gradually travels aeroa tho strip IcaMiig a black 
go«aamer ribbon containing only a trace of 
carbonaceous matter Tho rato of flsmo 
propagation depends on tho width of tho stnp 
and on tho w eight and closeness of weax o of the 
material 

A8tnpof4oz /sq yd aero cotton 3 ft long and 
0 In wide, when ignited at its lower edge, bums 
tho last 2 ft at tho mean rate of akout 1 ft 
In 4 seconds 

Linen, hemp and jutc fabrics bebavo similarly 
to cotton but the rato of ilame propagation l» 
slower 
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hare been pubLshed Tvhich employ oi^ame 
substances such as cblormated naphthalenes, 
halogen substitution products of earbo^clic 
compounds and aliylamme salts of inoi^anic 
acids ** 

Temporary Fieepeoopebs 

The simplest and cheapest way of fire 
proofing fabno is to immerse it in an aqueous 
solution of a suitable soluble salt The fabric 
IS then wrung out and dried Many suitable 
salts are available Such pioccases are for use 
only on fabncs which are not exposed in the 
open or laundered 

Single Substances — A classification of a 
number of soluble substances in accordance 


with their fireproofing properties has been made 
and is given below This is based on the vertical 
stnp method of evaluation detailed above In 
this classification substances are descnbed as — 
A Fireproofers and glowproofers 
B Fireproofers 
C Non effectives 

The znmimum quantities of the substances m 
Classes A and B, expressed as percentage weight 
of the fabric, required to prevent flame propaga 
tionof&4oz aero cotton are given Substances 
are regarded as non effectives, Class C, if they 
do not prevent flame propagation when present 
in amounts greater than 70% of the weight of 
the &bnc 


Classification of Soluble Deposits 


A 

wt 

% 

B 

Wt 

% 

c 

Ammomum borate 

24 

Ammoninm vaoadate 

9 


Ammomum bromide 

7 

Arsenic acid 

20 

Ammonium carbonate 

Ammomum chloride 

22 

Lithium hydroxide 

5 


Ammomum iodide 

14 

Potassium carbonate 

16 


Ammomum molybdate 

7 

Potassium hydroxide 

8 

Bone acid 

Ammomum phosphate 

12 

Potassium mtrate 

13 


Ammomum sulphate 

18 

Potassium permanganate 

22 


Borax 

60 

Potassium phosphate 

27 

Microcosmic salt 

Calcium chlonde 

14 

Potassium dihydiogen 


Potassium alum 

Guamdme phosphate 

19 

phosphate 

30 

Potassium hydrogen 

Magnesium chlonde 

16 

Potassium tbiocranate 

25 

phosphate 

Phosphoric acid 

10 

Sodium bicarbonate 

23 

Potassium ethyl sulphate 


19 

Sodium carbonate 

12 


Sodium arsenate 

33 

Sodium hydroxide 

10 

Rodinm dibvdrogenphos 

Sodium bisulphate 

30 

Sodium molybdate 

6 

phate 

Sodium silicate 

20 

Sodium phosphate 

20 

Sodium hydrogen phos 

Sodium stannate 

18 

Sodium selenite 

36 


Sodium tungstate 

9 

Sodium vanadate 

2| 

Sodium sulphate 

Zinc chloride 




Sodium thiosulphate 


Many of the substances in Class A have been 
and are still extensively used for fireproofing 
Ammomum bromide, ammonium sulphate, 
ammomum phosphate and sodium tungstate 
may be singled out as fireproofers readily 
procurable and of high efficiency 
Effect m the Strength of Fabric —The early | 
observers Versmann and Oppenheim* and 
Keghel^* found that many substances nsed for 
fireproofing had a destructive action on fabric 
Sibley ** boiled pieces of light and heavy duck 
in solutions of various fireproofers and deter 
mined the breaking strength In most cases 
considerable tendering occurred, sodium tung 
state having the least effect The results of 
tests by Ramsbottom andSnoad ^ on the changes 
m strength of a 4 oz aero cotton proofed with 
various substances (1) when kept m a room at 
ordmary temperatures (2) exposed to sonLght 
under glass and (3) heated to 120*C , are given 
m the table m the next column 
Although at ordinary temperatures no 
appreciable deterioration occurred with any of 
the deposits, exjiosure to sunhght or elevated 
temperatures canned, in most cases, a con 
siderable loss in strength From these results 
it may be concluded that for the fireproofing 




Deposit 






W 

(2) 

(3) 

Ammonium borate 


20 

19 

Ammonium bromide 

5 

91 

91 

Ammonium chlonde 

S 

03 

94 

Ammomum phosphate 

•S 

49 

43 

Ammonium sulphate 


61 

64 

1 Borax 

c3 tJ' 

41 

61 

Calcium chlonde 

Sodium Bihcate 

§ a 

86 

49 

17 

4 

Sodium tungstate 


82 

3 

(Fabnc control) 


30 

0 


(I) Lsposed In a room at orilinarv teenperatore and 
bomlditr for 300 days 

a bzpoiednnder glass at 45* In the open, facing 
for 200 days 

(3) Heated In an oven at 120*C for 4 horns 
of curtains and similar matcnals exposed behind 
glass to direct sunLght, ammoninm borate and 
borax would probably be least destructive 
For clothing and matenals which are to be 
subjected to the laundry ironmg process or are 




2U 


FIREPROOFING OF FABRICS 


CLASSiFicAnoN OF Ihsolublb Deposits 


A 

Wt 

% 

C 

Wt 

% 

C 

Wt 

% 

Antimony oxychloride 

30 

Aluminium acetato 


Ferric phosphate 

40 



(basic) 

140 

Lead chloride 

24 






60 


Wft 

Alutmmum fluonde 

76 

Magnesium ammonium 


% 

Aluminium oxide 

70 

phosphate 

125 







Alumimum stannate 


Aluminium tungstate 

60 

Magnesium oxide 

15 

Antimomous oxide 


Bannm carbonate 

91 

Magnesium sibcate 

lie 

Feme chromate 


Barium oxalate 

78 


76 

Ferae oxide 


Banum sulphate 

100 

Potassium sibcofluoride 

64 

Lead chromate 


Bismuth tnoxide 

40 

Silica 

400 

Lead monoxide 



67 


40 

Manganese dioxide 

22 

Calcium carbonate 

60 

Stannous oxide 

40 

Stanmc oxide 


Calcium fluonde 

50 


60 

Tin tungstate 


Calcium phosphate 

52 

Tin phosphosilicate 

64 

Zme stannate 


Calcium stannate 

46 

Titanium oxide 

40 



Calcium tungstate 

96 

Zinc ferrocyanide 

48 



Cerium oxide 

69 

Zinc fluonde 

70 



Chromic oxide 

91 

Zinc oxide 

22 



Cobalt oxide 

62 

Zinc tungstate 

64 



Copper oxide 

19 

Zirconium oxide 

120 


all the single insoluble deposits are much 
inferior to the best soluble type The most 
effectiTe Sreproofer appears to be feme oxide 
Zt only requires a relatirely small added weight 
to render labno fireproof and this property is 
retained on weathenng for at least 12 months in 
certain cases Fabnc proofed with feme oxide 
has, howerer, the great drawback that when 
brought into contact with an igniting source it 
glows and is completely destroyed by flameless 
combustion 

Treatment of fabric with stannic oxide 
sometimes desenbed as Perkin s process * 
produces a similar effect but unLke feme oxide 
It quickly loses its property of preventing flame 
propagation when subjected to the action of 
ram. Thia. •'Jin., hiwywu: hn 

by treatment of the fabnc with dilute alkab 
In the ordinary laundry wash the fireproof 
condition is retained if the proofed material is 
only rinsed in water after the soap and soda 
boil i 

Many other deposits, which are othenvise 
inert prevent flame propagation when a small 


I amount of an adsorbed alkaboe salt is present 
I Such adsorbed salts are not completely removed 
I by shgfat washing with water This explains 
' why many insoluble deposits such as magnesium 
borate alummium tungstate other insoluble 
borates and tungstates as well as phosphates 
silicates, hydroxides of aluminium zirconium 
titanium silicon zinc and magnesium have 
been desenbed as permanent fireproofers In 
all cases alkali salts enter into formation 
of the deposits and adsorbed salts are retained 
if the wasoing is incomplete 

AIixtohes — So far no success has been 
achieved in attempts to obtain a permanent fire 
proofing treatment involving the deposition of 
one insoluble substance only on the fabnc All 
•Ji/t •uuiaft, w’lgOTUia. affnr 

glow To overcome this defect it is necessary to 
deposit one or more additional substances on 
the fabric 

A number of binary mixtures have been put 
forward Mixtures containing synthetic chlon 
nated resins have been proposed with the 
object of preventing afterglow Inert oxides 


Deposit 

% Loss la 
streDBth 

Deposit 

% Loss Id 
B treogth 

Alummium oxide 

10 

Feme chromate 

32 

Aluminium stannate 

90 

Ferae oxide 

45 

Antimony oxychloride 

54 

Lead chromate 

25 

Banum carbonate 

55 

Lead oxide 

80 

Barium oxalate 

62 

Manganese dioxide 

40 

Calcium tungstate 

36 

Sihca 

9 

Cerium oxide 

66 

Stanmc oxide 

100 

Chromic oxide 

25 

Tin tungstate 

69 

Copper oleate 

29 

Titamum oxide 

100 

Copper oxide 

33 

Zinc stannate 

85 



Zme stearate 

43 



(Fabnc control) 

31 
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Doors constructed of fireproofed wood are able 
to resist the passage of fire for 1-2 hours and 
are therefore classed as fire resisting Hie 
London Building Act also approves fireproofed 
wood as fire resisting , the New York Bmldug 
Code recognises it as incombustible 

Behaviour of Wood in Fire 
Wood sobstance, which consists mainly of 
cellulose, hgnm and hemicelluloses, is stable for 
a reasonable time at temperatures below about 
276*C It IS true that at temperatures below 
275°C moisture is removed, and slight decom [ 
position occurs, but this is senous only if 
exposure is prolonged, wood in contact with 
hot water pipes darkens and resembles wood 
which has been decayed by the dry rot fnngus 
Campbell and Booth (Biochem J 1930, 24, 
641, 1931, 25, 756) showed that wood exposed 
to temperatures not exceeding 65*C for 11 days 
undergoes suflScient hydrolysis for the effect to 
be detected by chemical analysis, and incipient 
hydrolysis of the more resistant softwoods, 
typified by silver fir, is detectable at SO'^C These 
chemical effects are accompamed by marked 
reduction in strength The importance of 
careful control of temperatures to suit mdividnal 
species in kiln-drying is thus evident 
When heated to about 300*C wood de 
composes, infiammable gases and vapours are 
hberated, and charcoal is formed If the 
vapours are hberated in sufficient quantity and 
Ignited the temperature of the adjoiniiig wood is 
raised, the action spreads rapidly and becomes 
exothermic , the wood burns In presence of 
sufficient air the charcoal glows and is almost 
completely consumed, only a small amount of 
ash lemaimng The speed of combustion is 
dependent on the ratio of the surface of the 
wood to its mass A small splmter burns 
rapidly, and the charcoal is readuy consumed 
A thick baulk of timber becomes coated with a 
layer of charcoal, and unless more heat is 
spphed, and m the absence of a strong cunent 
of air, the charcoal is not consumed but forms 
an insulating layer on the wood Heavy 
timbers are consumed so slowly m large eizes 
that they retain considerable strength after 
prolonged exposure m severe fires This fact 
13 the basis of the “ slow bunung beary timber 
or “ null ” typ6 of construction 

Historical 

The problem of fireproofing wood is very old 
According to Herodotus, impregnation with 
alum as a means of fireproofing was practised 
by the Egyptians Aeneas Tacticus (400 bo) 
recommended vinegar, and Aulas Gellins re 
ported that the wooden defensive towers at 
the siege of Piraeus, 87 b c , were protected 
from fire by a solution of alum A British 
patent on a method for fireproofing the wood, 
canvas and ropes of ships was issued in 1625 
Gay Lussac {Ann Chim Phys 1821, (uj 18, 
211) impregnated strips of hemp and Imenlhbnca 
with 10 and 20% of various salts and found that 
mixtures of ammonium phosphate with am 
moninm chlonde or borax (1 1) prevented both 

^ and glowing Versmann and Oppen 


heim (Bnt Assoc Reports, 1859, 29, 87) 
examined a la^e number of salts for fire 
proofing and secondary effects, and classed as 
useful salts sodium tungstate, ammonium 
phosphate, sodium ammomum phosphate 
ammomum sulphate, and a mixture of am 
moninm chlonde and phosphate Since that 
time hundreds of patents have been granted for 
fireproofing processes 

Fireproofing on a commercial scale appears to 
bare originated m Amenca and was under 
taken in response to a demand by the Navy 
for fireproofed wood for decks and other parts 
of warships The process which was operated 
bybhe Electnc Fireproofing Company, was that 
developed by M Bachert (U S P 602867) 
The wood was impregnated under pressure with 
a solution of ammomum sulphate and ammomum 
phosphate after prebmmary steaming and 
vacuum treatments Further impetus was 
given to the development of the industry by the 
1899 revision of the New York City Building 
Code which provided for the use of chemically 
treated wood for the intenor woodwork of 
buddings over twelve stones high The Navy 
discontinued its use m 1902 after experiencing 
trouble from the corrosion of metal fastenings, 
and m painting due to the hygroscopic nature 
of the meproofed wood In 1926 the Bachert 
process was revived and taken over by the 
Protexol Corporation of Kenilworth, N J , 
which is now roe premier fireproofing conmany 
m the XJmted States (G M Hunt and 0 A 
Garratt, Wood Preservation,’ Ist ed , McGraw 
Hill Book Co , New York, 1938, p 399) 

In this country the most important concern 
IS the Timber Fireproofing Company of Market 
Barborough The* oxylene” process which they 
operate employs a solution, patented by A W 
Baxter (B F 5209/1905), of ammomum phos 
pbate and bone acid in water, the preferred 
proportions being 12 1 87 Timber is subjected 
to steam and vacuum treatment before impreg 
nation (Engmeenng, 1925, 119, 11) It is 
claimed that wood so treated will not igmte 
ox a^cftad. thafi ia wit and 

will not cause corrosion of fittings, that it is 
resistant to attack by fungus, and that it can 
be cut or painted as ordinary wood All wood 
installed in vessels of the Royal Navy and in 
the underground rolling stock of the London 
Passenger Transport Board is fireproofed by 
this process 

The Mechanism of Fireproofing 

Gay Lussac was the first to propose a theory 
of the action of fireproofing salts and his theory 
has been generally accepted up to the present 
time He found that the chemicals act in two 
ways Some melt to form a glaze on the surface 
of the wood and so prevent ingress of oxygen 
This is the mode of action of substances such as 
borax or phosphoric acid Other substances 
decompose and liberate inert gases such as 
water vapour, carbon dioxide or ammonia 
which mix with the infiammable gases denved 
from the wood substance and render them 
non infiammable A salt such as mono 
ammomum phosphate would act lo both these 
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has facilities for testing fire resistance m accord 
ance with the British Standards Institntion — 
“ Definitions and Methods of Test for Fire 
Resistance, Incombustibihty and Non Tnflam 
mabihty of Bnilding Materials and Stractnres ” 
(B S No 476—1932) 

BriUsh Standard Methods of Test Ftre 
Resistance — ^Elements of structure are tested 
They should be full size or not less than 10 ft 
by 10 ft and restrained or loaded as they would 
be in Betriee, the test load being tunes the 
design load Unloaded structures are subjected 
to a blow from a falling 10 lb ball, and stroc 
tures which are fire resisting for more than 2 
hours are also subjected to a water jet 
The surface of the elements is heated to 
temperatures controlled according to the 
staridard time-4empeTature curve, i e to 1,000®P 
at 6 mmutes 1,300°F at 10 minutes, 
1,650®F at 30 mmutes, 1,700*F at 1 hour, 
1,850°F at 2 hours, 2,050®F at 4 hoars, 2,200“F 
at 6 hours, and 2,300'’F at 8 hours The 
temperature of the unezposed face of walls, 
fioors, etc , functioning as separatmg structures, 
must not nse by more than 250^ above the 
normal temperature, no cracks should form 
through which fire might pass, and the stnictom 
must remain ngid According to the length of 
time during which the elements satisfy the 
conditions they are classified as Grades A 
(protection against fire for 6 hours), B (4 hours), 
C {2 hours) D (1 hour), or E (i hour) 

It should be noted that the test applies 
primarily to the design of a fire resisting 
atructure, and not directly to the effectiveness 
of a fireproofing chemical or a method of fire 
proofing Bad design may clearly be the cause 
of early failure if, for instance shrinkage cracka 
form at joints and allow fiame to pass 
A test m which a 1} m thick fireproofed wood 
door successfully withstood a 1 hour test 
carried out in accordance with the corre 
sponding American Fire Test Specification 
{ A S T III , C 19-33) 13 reported m Proc Amer 
M ood Preservers Assoc 1935,225 The British 
Standard Methods of Test are inteuded for all 
materials used m buildmg construction The 
»ncom6ujh6»h/y test involves heating the matenal 
in a vertical electric furnace with a pilot hgbt 
above and an observation chamber below, the 
temperature being mcreased by 900®F per hour 
to a maximum of I,382®F If the material 
neither flames nor glows more bnghtly than the 
• walls of the furnace, or if it glows at all the glow 
IS immediately di mini shed when the epecunen 
IS lowered into the observation chamlwr, it is 
incombustible The non inJiammaMtfylestyvbich 
would, however, classify most species of timber 
as non inflammable, consists in supporting the 
specimen at an angle of 45® while 03 cc of 
ethyl alcohol is burnt 1 in below the centre, 
and noting the duration of flaming and glowing 
A’eto Tork Building Code Acceptance Tests — 
1 Shavings Test A mnaa of shavings from 
both mside and outside the sample is placed to 
form a layer 2 m thick m a metal vesWl 12 la 
square the bottom of which is a wire screen 
A yellow Bun«en flame is placed under the vessel 
for 25 seconds At no time should the Jlame 
•how more than 6 m above the top of the bed 


of shavings and the shavmgs should not he 
consumed in less than 6 mmntes 2 Crib 
Test — Twenty samples each J m square and 
6 m long are built up on a rmg support in five 
equal tiers making a cnb 6 m square and 2} m 
h^h, whidi IS set 6 in above a Bunsen burner 
The flame is directed on the cnb for 1 minute 
at a temperature of appronmately 1,200®F 
The wood must not flame for more than 20 
seconds after removal of the burner, nor the 
I glow last for more than. 30 seconds 3 Timber 
\Test — Two samples, each } in by m in 



Fibs Tube 

cross section and 12 in long are laid edge to 
edge across the top of a gas crucible furnace and 
exposed for 2 mmutes to flame at a temperature 
of 1,700®F The samples are removed and the 
duration of flame and glow is noted Flame 
should not persist longer than 16 seconds and 
glow not longer than 20 seconds The pieces are 
then cut through at the most burned section 
The unbumed areas of hardwoods should bo not 
less than 65% and of softwoods 45% of tbe 
ongmal section 

The shavings test gives a rough mdication of 
resistance to ignition, flaming and glowing 
but cannot be standardised The crib test is 
valuable m that it gives information on loss of 
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bored in the centre, impregnated "with chemicals ' 
and dned, rrere placed m a brass nng Bnd| 
suspended from a balance arm in ench a way 
that the loss m weight up to 50% could be read 
directly on a chart The centre of the specimen 
was heated for 6 minutes by a Bunsen burner 
directed up the hole Flame spread along tiie 
bottom and sides was prevented by a copper 
disc with a m hole fitted on the 
Readings of loss m weight of the wood and the 
temperature of the brass nng were made every 
mmute nntil combustion ceased or 50% of the 
wood was consumed The moat effectively 
treated substances merely charred durmg the 
heating penod, untreated wood continued to 
flame, and wood treated with salts such as 
sodium dichromato continued to glow 
Bnltih Forut Produeia Seaearch Lahoratary 
Teala — J Bryan and L 8 Boman (Wood, 
1940, 5. 19} descnbe inflammability, flame 
enetration and flame spread tests which they 
are developed for measuring fire resistance 
and have used for determining the comparative 
resistance of different species of timber Hie tn 


an open gnd at the lower end The samples 
are igmt^ by a standardised gas flame which 
projects vertically down the tube, and is 
mamtained for 60 seconds or if, as in the case 
of some treated timber, igmtion does not occur 
affer 60 seconds, for 600 seconds The tube u 
suspended on a balance arm, and the time for 
each 10% loss m weight is recorded, the tune 
between a loss of 30% and 70% being used for. 
compansom The natural fire resistance of 
over 70 species of timber was tested and of these 
greenheart, guijun, jarrah, laurel, padank, 
P3rinkBdo, teak, and white ohner show out 
standing fire resistant properties Tests have 
also been earned out on specimens of wood 
treated with a number of fire resisting solutions 
I and coatmgs 

Evaluation of Chemicals as Fire* 
Retardants 

The work of Gay Lussac and Versmann and 
Oppenheim has already been mentioned, ftmee 
(ftoc Amer Wood Preservers' Assoc 1914 
158) determined the temperature at which 
various treated timbers could 
be kept for 40 mmutes with 
out jgnitmg It was found 
impossible, under the con 
ditions of test, to ignite 
wood treated with certain 
ammomum salts Borax 
was effective, but other suh 
stances, including sodium 
carbonate and ozaho acid, 
besides being inefficient had 
a weakening effect on the 
wood Banneld and Peck 
(Canad Chem Met 1022 6 
172, Chem and Ind 1923. 
43 165) measured imtion 
temperatures of wood in an 
electrically heated horizontal 
tube and classified salts 
as fire promoters or fire-re 
tarders according as they 
i/wwortd, V. TOftwi ’ign- 
tion temperature from the 
range 290-300*0 The fire 
retarders were zme, mag 
nesmm and calcium chlondes 
ammonium sulphate and phosphate, borax 
eodium silicate and zinc ammomum phosphate, 
ammomum phosphate being the best 
The most comprehensive senes of testa made 
by a disinterest^ authority have been earned 
out by the U S Forest Products Laboratory 
using the fire tube test (Proc Amer Wood 
Preservers’ Assoc 1930-1933, 1935) In all, 
about 130 chemicals or mixtures have been 
tested, mostly at 6% and 20% concentrations 
of anhydrous chemical in the air dried wood, 
but 17 of the moat promising were examined tn 
sufficient detail for curves to be drawn relating 
concentration with loss of weight when flaming 
ceased and with maximum temperature at the 
top of the fire tube Typical curves, those for di 
I ammonium phosphate, are shown in Fig 3, 

I and a selection of the results is given m Table II 
The results of the tests on smgle chemicals 
show that mono and di ammonium phosphates, 
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fiammabtUly teat, based on Schlyter s test (Mitt 
Fachaus Holzfragen, 1938, No 2! 84) uses 
two samples of wood 6 in square held vertically 
I m apart one sample being 1^ in higher than 
the other A flame ignites the face of 

the lower specimen and the time taken for this 
m turn to ignite the other specimen is recorded 
Igmtion IS usually very distinct In the flame 
penetration teat a sample 5 in square and } m 
thick IS held horizontally 2 in a^ve the nozzle 
of a standardised blowpipe flame The sample 
rotates in a bonzontal plane m such a way that 
the centre of the flame desenbea a cirde 1 in 
diameter This rotation was adopted because 
the results were much more consistent than 
those obtained with a fixed sample The tune 
required for the flame to penetrate the sample is 
noted In the rate of burning test the sample 
consists of 50 half mch cubes placed in a vertical 
iron tube 1} m diameter and 0 in- long, having 
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wluch does not prevent combustion continuing 
to 60% loss in weight, and the lowest adsorption 
which does prevent it 


Tauls hi* — Slow Combostiov Test RxstJMa 



rffecthxncss j 



Chcintesl 

1 Min . 

Max , 
lb/ 
cu ft 

H' 

> xceptlons. 
lb icu ft 

HjPO. 

(NH.hHPO. 

(NHhHB^O. 

(NHiljSO, 

NH*CI 

(NH^JHjPO, 

M|Ci; 

ZnCI, 

oTo 

U33 

031 

034 

017 

017 

0 33 

0 33 

0 37 
o-4n 

0 57 
0-4^ 

0 52 

0 62 

0 17 1 
0 17 
0.4 

0 35 
0-37 
041 

0-45 

0-4S 

0 52 
\ 0 6. 

0 IS cfleetiva 

0 10 effective 

0 34 effective 
017 (37% wt 
loss) 

O-l-eitecttve 


These figures indicnto the grest eftielcnc^ of 
certain substances in preventing glowing Tnese 
rwiuced combustions do not, howoxer, np 
proenblj incmsc the resistance to fiatmue 
The property of glow prevention is utilised 
bj manj inanufseturers of matches, and 
onlmary iniprecuated matclies contain small 
amounts of saUs such as mono ammonium 
phosphate whidi not only prevent the charcoal 
glowine but gue it sufiicicnt rigiditv to irevcnl 
the hot head of the match filling oT during bum 
mg The wood bums but Ouuiiig is mcreaaeil 
bj dipping the match in wav 

Methods of Fireproofing Timber 
AU the chemicals generally u«<al for fire 
proofing uood are soluble m water, and thoj are 
injecfwl into the wood aa an aqueous solution 
The methods emplojctl are easentialh similar 
to lho<o which have lieen developed l\ the 
wooil preseraing in<lu«tr>, for treating wootl 
with creoaoto, or ixarticiilarlj avith prc«crvativo 
salta 

Wool! that has to pa«a stringent acceptance 
testa must bo complelch iraprt^natcal with the 
relanlanl, and cveopt in casis aThcro thm 
sections are Iwng trcateil the onlj satiafacton 
incthoil la that employing impregnation under 
preasure Even when complete impregnation h 
not demanded this la the onh inethml la wlneh 
adequate protection of thicl, or impregnation 
reaisting timbers can lie nchievetl 
Considerable protection is afforded earn when 
the interior is not impregnatcil and it « still 
an open queation whither anj advantage is 
gamed by Inaiatmg on the complete iroprcgna 
tiou of tiuch Kaulks or beaiua, which are not 
liable to subsequent splintering as the interior 
would bo well insulstetl bj tlio layer of hanl 
ehareoal produced on the surface of fireproofed 
timber 

If, however, Imilier is to bo cut or machmed 
complete impregnation is generally essential, 
but as far as practicable, all cutting should bo 
done before impregnation W here the wood baa 
to bo painted or varnisbed some planing or 
sanding is necessary aher treatment, but this 


I should be ns hght ns ^masible, as the outer 
■ Hjers contain the highest qiniitit% of sslL 
Conaiderahlo protection may ho given to lighter 
sectioiia, or to the more easily impregnated 
woods by steeping trentmenta, and even suifare 
trentmenta, such as brushing and spnying, mav 
servo to prevent the atsrt of a fire, or its spread 
m the initial stages 

IjiniEQNATIOy UNDKB I*RE$SCRB — ^Tho fuU 
cell process is cmploved nfler preliminw steam 
and vacuum treatment Results of tlie fire* 
tube test have shown tint when the most 
cfftcUvo fire retariiants nre employed maximum 
protection is obtaineii when wood contains 12?o 
or more of its weight of the cliemical, and 
cxfioricnco has shown that to achieve this a 16% 
solution may generaHj Iw uacil 
Tho plant ciuplojed is similar to that u'cd 
for creoaoted timber , it consists of the following 
units (1) A mixing and storage tank heated, 
for example, h\ steam coils and fitfcii with a 
stirrer, tho eapacitj of tins tank must lie 
greater than that of the preasuro eyhnders and 
it u destrahlo tliat it sbot^ bo at a luglier level 
than tho rest of tlio plant (J) One or more 
pressure impregnation evUndirs of steel or 
cast iron designed for a working pressure of at 
least 150, and preferabh 200, lb per sq m 
(gauge) Safeta release valves and pressure and. 
vacimin gauges should lo fitted (3) A 
hydrauho reeiprocating pump ca}iablo of 
niamtaimng a pressure of 160-200 lb ^rsq m, 
and of emptying tho cybnders m a relatively 
abort time, ot a compreesed air anpply (4) A 
vacuum pump capable of exhausting the 
eyhnders to a vacuum of 25-29 m of tuereuty 
mabontlhr (5) Asupply flfateamat20-26lb 
persq m (cauge) rressure 
Owing to the wide vareabilitj in the resistante 
of tmiUrs to imprecnstion no rigid schedule of 
treatment can bo hid down, and details of the 
vationa steps de^cnl'od sbould be laodifitai as a 
result of experience to siut the typo of timber 
and the purpewo for which it is required 
The process consists of the following stages 
Loading tfi9 Cylinders — The timl'crs 
separated by slats, are stacked on a (roIKy, 
this 13 run into tho cyhnder, whicli is then 
|clo*cd Itefore atackinc. several pieces of 
I timber, repre eiitatiao ot the Ivntch, slioull bo 
Iwtighcil and marked, they are wtiglied again 
' after treatment ami from the incrcaso in aveight 
tho percentaee ad:>orption of chemical can bo 
ealculateil llio aicrnge will indicate whetber 
tbo treatment has been auflicient. The total 
amount of solution adaorl>«l bv the batch may 
bo uicasurtd I v observing tho level of tho storaco 
tank licfore and after applying pressure In 
addition thoroughly miprcgnatwl limber lakes 
up nearly Its own weight of solution and tho 
increaao in dcnsita is sullicimtly striking for the 
experienced operator to bo able to tell whether 
treatment has l>een satisfactory, and to pick out 
planks which are insuflicientlv treated These 
can then be scjvirated from tho remainder of 
the batch and re-treated 
/Vepnre/ioa of the Sotulion — Common timbers 
will adsorb on an average, about fO^o ®f Iheir 
I ait-diy weight of solution In such cases it is 
: necessary to uso a 16% solution if the concentra 
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raoistune transfex from the centre to the ^orface, 
and the hich humiditv prcTcnts npid dmng 
of the surface irhich would lead to chechuu; 
It IS therefore necessary to control the tempera 
ture and huimditv of the kdn withm narrow 
hmits, and to rarr the^ as diyu^ moceeds m 
accordance with a fixed schedule ^ch class 
of timber requires special treatment and 
schedules for all the common timbers hare been 
worted out at the horest Products Research 
Laboratones. 

In dryinc fireproofed timber certain speciUc 
factors need special consideration The timber 
IS excessirelv wet> and careful stactini; is 
essential if ararpins: is to be aroided 411 
effectire fire-retardants accelerate carbomsation 
of the wood and unless care is taken to avoid 
hiffh kiln temperatures the wood is darkened 

Experience has shown that fireproofed wood 
can he dried without cheeking more rapidlr 
than natural wood, that is the humiditr of 
the kilo may be appreeiablr lower than o nal 
In this connection, work earned out at the U.S. 
IVircst Products Laboratoia is of interest 
According to S. H Kahn (Wood I'M© S, 44) 
seasoning can be gieallr accelerated bv scwiing 
Umber in concentrated solutions of salts such 
as sodium chloride or raono-amn-omum jdios 
phate, so that the outer lawers are impregnated 
Losses Ir checking of Umbers which are 
nonnallr very di&cult to drr are verr much 
reduced Kahn suggests that the effect is due 
to the fact that water evaporates mote rapidlv 
in a pure state than from a saturated salt 
solution and that therefore the surface lavera 
letaia their water content, while the centre u 
dmog, dmne u from the inside out, m*tead 
of from the outside in 

This mechaniam mar m part account for the 
greater ease with which tueptCNjfed wood is 
^ed, but It seems more hkelv that, aa a result 
of the pressure treatment, wood which haa been 
firepromed with an aqueous soIuUon wdl have 
a more open structure and rapiUaiy effects in the 
drvmg process will picdommate 

It, seemi s4.wahlis, tinmCwe t/i m/3di% the 
schedules Car dmng fireproofed Umber, sol 
that the drying temperature is 5-lOXi bdow 
the temperature used for untreated wood and 
the humiditv is reduced appreciablv below that 
of the normal schedule 

HoT-AND Com SoAKiaa — AdsorpUon of cold 
solutions bv softwoods is a slow proceas. 4d 
sorption of hot soluUons is much more rapid, 
but the bc«t effect is obtained bv a hot-and-^d 
process- In this the timber is immerwd in a 
hot soluUon (‘K'-IOO'C.) and then either allowed 
to cool while immersed m the solution br rapidly 
transferred to a cold solution The time 
required depends on the tvpe and thickneas of 


the Umber, but effecUve protecUon can be given 
to ydlow deal, for example, by immersion ftr 
S hoars in a hot £0*^ «!cJuUoa of 
{diospiiAte followed bv cooling for S hoars. 
Complete uapregnaUon ciav not alwavs Iw 
effected, but the outer laver would be £re» 
proof Prehminarv tests on mine Umbers 
described in the Report on Research IVoA 
earned out in the Department of Mining of 
Sheffield ITmversitv, l*>ol-l®32, showed uiat, 
under the condiUonsofthe te^t, soaking weed m 
1 5 soluUon of ammomum phosphate in water 
for three dava with subsequent dmng renders 
Umber pncUcallv fireproof and the cie*e 
painting or spraving of Umber with this solution 
has a preventaUve effect 

Owu^ to the fret that impTe<TiaUoa niav not 
be complete, the Umber should be shaped ard 
cut to Its final sire before immeiMon 

pAivnao os Stsav Ooxtino — SoluUons of 
fiieptionng salts auch as ammomum phosphate, 
mar b«. apphed to adsorbent unpainlM surfaces. 

: SoluUons mar, preferably, be hot and should be 
concentrated, e f SO**© It u advantageous 
to apply three coats, the second after the fir-t is 
I almost dry , preferahlv 4 Ih. of fire-retardant 
shoeld be apphed per 100 sq ft of surface In 
order to ensure maximum penetraUon a wetting 
agent mar be incorporated in the soluUon. and 
adhoMon of the rrr<tal is greatly as&.fted 
br including a colloid, such as gum arahir, is 
the soluUon, the amount lued being about 10*© 
of the weight of the salL 

It must be emphasised that surfr e« treatments 
do not give a Uwh degree of protecUoa m an 
inten«« fire, but ther do give effecUve protecUon 
m the imUal «tages and, moreover, modifr the 
«arface larers m the aame war as impregnaUon 
doea, *0 that the formaUon of inflammable gases 
IS reduced and a hard, firm ^arcoal is formed 

Secondary Effects of Fire-Retardants 
on Timber 

Hy j f ox o p iay — If wood becomes hvgroscopii. 
*a «. c*;»ulx of tnaJtnmok difeculUos. will anse, 
parUculariy cm account of corrosion and peeling 
of paint. 

The rvJaUve hunuditr of d-«sed srstema 
eoataining saturated soluUons of certain sal s 
u given in Table I\ In atmospheres of higher 
humidities than the«e the salts ad«orb meu ture 

\s the moa*hly average relaUve hunuditr in 
tliw coantrr (Kew) from O tober to March 
vanes from Sl-S* it is madvisable to use 
mixtures of salta which become moist at 
bumidiUes lower than thi*. Here mono- 
ammomum phosphate u particularlv valuable 
I In condiUoned atmospheres however, or heated 
intcnois ammonium chlonde or mixtures of 


Table IV — Relative Hoiipitt at which Salts Ap<oeb Molsitex. 
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FIREPROOFING OF TIMBER. 


Fireproofing of^Other Materials 
Plywood — ^Three ply and fire ply wood are 
fairly easy to impregnate Pressure impr^na 
tion IS probably the most satisfactory T^t 
ment for J hour with a cold 15-20% solution of 
fire retardant* without any steamii^ or racanm 
has proved sufBcient for firepmn fing 
The hot and cold steeping process may be 
employed, but the operation of the jnrocesa 
requires much greater care than is required 
with ordinary timber, as the hot solution may 
have a detrimental effect on the glue Many 
of the better quality plywoods £ive water 
proof cements or a ream film, which wiH with 
stand the action of the hot solution. Great 
care must be taken m stackmg plywood for 
drying , wet plywood is very flexible and 
uifless it is dried flat, will usually warp badly 
It IS also advisable to dry the material at 
temperatures as low as possible 
Retd$ — The surface of reeds is very impervious 
but, by usmg a solution containing a colloid 
such as gnm aiabic, a film of fire retardant 
will be produced on the reed The process, 
then consists m immersmg the reeds m a 20% 
solution preferably hot, of fire retardant con 
taimng 20% by weight of the colloid, allowmg 
to dram and diy & use as a thatch, the salts 
are washed from the outer surface, but the lower 
layers retam their fire resistance As thatch is 
usually 12-16 in thick, the loss of fireproofing 
effect hy weathermg is email 

Fireproof Paints 

Although impregnation with fire retardant 
salts is the most effective method of increasing 
the fire resistance of timber, considerable 
protection m^ be given by coatmg it with an 
mert material which serves as an insulation 
from the fire, and so prevents mgreas of oxygen. 

Among the simplest and cheapest coatmgs are 
limewash and distemper, and these give definite, 
though transitory, protection 
The value of calcium sulphate plasters as beat 
insulating coatmgs for wood is well known, and 
of these the dense enhydnte plaster is particu 
Isrly effective. A product recently developed 
contaimng anhydnte plaster and a small per 
centage of organic adhesive, is suitable for 
apphcation by brush or spray, and coatmgs 
one sixteenth of an mch thick have been shown 
to be sufficient to prevent igmtion of wood by 
an mcendiary bomb 

Water glass or sodium and potassium sibcates 
appears to be the most popular coating, but to be 
effective this must contam a filler such as 
asbestos clay, metalLc oxides (also as pigments) 
or chalk E Knnze (Farbe u Lack, 1934 
134, 147) compared the fir© resistance of three 
types of silicate pamt Silicate solution alone 
gave httle protection, better results were 
obtained when powdered asbestos was included 
as a filler, but the beat results were obtained 
usmg a mixture of silicate, asbestos casein, 
caustic soda and borax Greiner (Seifens Ztg 
1933, 65, 619) gives numerous fonnuls for 
silicate paints 

Sodium aihcate, when first apphed, has the 
property of blistering under the action of heat 


and 60 forming an effective msnlatmg layer 
Unfortunately this property is lost on agemg 
More recently organic foam for min g materials 
have been used Thus "Locron ” is stated to form 
a very volummous foam when heated BP 
334408 granted to I G Farbemnd refers to the 
nse of a solution or suspension of fire retardants 
and urea-formaldehyde condensation products 
which adhere to the material and prevent crystal 
lisation 

Chlormated rubber pamts have recently 
: come to the fore as non inflammable pamts and 
they are suitable for mtenor decoration 
Prmce (H F Weiss, “ The Preservation of 
Structural Timbers,’ 1916, p 330) mvestigated 
the relative inflammability of unpamted and 
painted shmgles and sidings and foimd that a 
paint made of xme borate (7 lb ), chrome greeu 
pigment [2^ lb ) and boiled Imseed oil (1 gallon) 
had good fire resistant properties 
By means of a modified fire tube apparatus 
Metz determmed the fire resistance of wood 
coated with pamts of four different types 
Protection given to thm slats mcreased m the 
order chlorinated rubber pamt, pigmented 
sodmm ailicate, ammomum salts, and an organic 
foam forming material, the last named giving 
considerable protection No noticeable mcrease 
in the fire resistance of thick beams was found 
when they were pamted 
In connection with the preparation of fire 
resistant varnishes Butcher (Chem Trade J 
1931, 88, 248) states that di ammomum phos 
phate to the extent of 5% may be added without 
making the film opaque Sodium tungstate 
grouna in linseed oil is abo said to have good 
fire retardant properties 
Literature — An extensive bibhography is 
given m Proc Amer Wood Preservers Assoc 
1936, 429-476 For the last few years this 
publication has contamed a review of prominent 
articles on fireproofing published durmg the 
year A summary of nearly 500 references, 
mainly to patents, is mcluded m the Second 
Report of the Fabrics Co ordmatmg Research 
I Committee, D S I R 1930, Appendix I Refer 
lences to fireproof pamts are given m Science 
I Library Bibliographical Senes No 171, Science 
Museum, South Kensington, 1635 

ICR 

FISCHER’S SALT(i; Vol 111,2196) 
FISETIN, 


OH 



is a fiavone pigment present m Young Fustic 
It has been synthesised from veratnc aldehyde 
and oi methoxyresacetophenone (Allan and 
Robinson JC& 1926, 2334, ef Kostanecki, 
Lampe and Tambor, Ber 1904 37,784) 

FISH MEAL(p Vol IV. 6976) 

FISH OILS.— This term nsusUj mclndes 
fatty oib denved not only from fish but abo 
from manne mammab, such as whales sod 
scab Such grouping is logical enough smce 
not only u th^e habitat the same but the fats, 
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mvanably dealt with by flotation through a 
senes of settling tanks, as with menhaden oil 
The first centrSugal system for dealing with 
press hquors was installed in 1927» and since 
then this method has found mcreasing nae 
Other more recent items include the “foots 
machine ” and the vibrating screen {vide 
infra) 

Prior to 1930, the only material available m 
quantity for oil and meal production was offal 
from the canneries, but it should be remembered 
that such offal mcliided all soft and damaged 
whole fish, as well as those of a siae Tmamtable 
for canning, and, m fact, the amount of offal 
was usually about 40-50% of the total catch 
(Scofield, Califorma Fish and Game, 1938, 24, 
210) The profits from the oil and meal 
mdiistry led to special permits bemg issued m 
1930 for the redaction of a certain additional 
percentage of whole fish and abont 1932 the 
introduction of factory ships operating outside 
temtonal waters and catching sardmes purely 
for reduction to od and meal, cans^ the 
breakdown of the legislative attempts to 
restrict the industry to one of by products 
The result has been drastic overfishing with 
the exhaustion of supply already m sight 
(Scofield, I c , Clark, ibid 1939, 25, 172) 

The modem cookers are essentially the same 
as the menhaden cookers, the fish bemg cooked 
for about 20-25 minutes at steam pressures 
ranmg from 3-25 Ib Some 3 ft trom the 
dismaige end of the cooker, the bottom half 
of the shell is replaced by a screen to cany 
away any freed od and moisture The cooked 
mass fafls directly into a continuous screw 
press, situated below the cooker, and is dealt 
with whde still hot Sardine presses are similar 
to those used m the menhaaen mdustry, but 
the shell is a tube perforated with boles instead 
of being constructed of slats The sobd from 
the press is dned, ground and sold as a feeding 
stuff 

The press hquors are dealt with m various 
ways The majority of plant stdl use the 
settling tank system, mvainng normally about 
five tanks in aeries, two or more being provided 
with steam pipes to maintain a temperature 
of 165®F A final cooking of the od to 
break tho emulsion, as is done with meohaden 
od, 13 not necessary with sardme oil Some 
plant incorporate vibrating screens to remove 
mnch of the suspended sohd, and centrifuges to 
assist m the last stages The “ foots machme ” 
is a combmed screening and pressing device for 
deabng with the sludge &om the setthng tanks 

The all centrifugal process involves two steps 
The first is the removal ofthe bulk of the solids tn 
a sohd basket centrifuge, usually called the bulk 
centrifuge In a typical apparatus the basket 
may be about 18 in deep, and of 40 m diameter, 
deabng with about 3000 gallons of press liquor 
per hour The cleared hquid, removed ^m 
the centre of the basket by a skimming pijJO is 
heated to 200®F by hve steam and fed into 
high speed centrifugal od and water separators 
Here the remaining sohds are also removed aud 
the modem machines have an automatic sludge 
unloading arrangement which operates at full 
running speed. Some manufacturers replace the 
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bulk centrifuge by a vibratmg screen or other 
device and merely use the high speed centrifuge 
For further details of the Cahforman sardine od 
industry, see Hatton and Smalley (Cahforma 
Fish and Game, 1938, 24, 391) 

Pilchard Oil is made m various parts of the 
world from different species of pdchards, particu 
larly m Fntish Columbia from San/tnopt 
cxruUa This Canadian mdustry is a modem 
one, the commercial canning of pdchards having 
been begun m 1917 I>om the first the 
quantities of fish landed have been m excess of 
the canning requirements and m 1925 reduction 
machmery was installed To day 95% of the 
pdchards caught m British Columbia are 
reduced to od and meal The fishmg is seasonal, 
from July to September, with occasional catches 
m June and October, and is conducted einularly 
to the menhaden fishing 
At the factories the fish are unloaded directly 
by means of bucket or alat elevators into storage 
bins, from which they pass to continuous cookers 
of the type already described The cooked 
material is pressed m a contmuous screw press 
ofthe type used m the sardine industry and the 
liquors are dealt with either by a senes of settling 
tanks, or, in the most up to date plant, by 
centrifugal apparatus In the settling tank 
method, the final aqueous liquors which are run 
to waste contam from 0 5 to 1% oil and the 
total loss IS considerable, just as it is in the 
menhaden and sardine oil industries One type 
of centrifuge in use is a iugh speed machine of 
high sludge capacity, from which the solid can 
be dumped whilst the machine is m operation 
No prebmmary bulk centrifuge is required, the 
press liquors merely being warmed to about 
175®F and passed directly through the eentn 
fuge at a rate of about 400 gallons per hour 
The oil so obtamed is ready for immediate 
storage Further details of the mdustry 
are given by Hart (Biol Board Canada 
Bull No 36, 1933), whilst Brocklesby and 
Bailey (ifiid No 46, 1935) discuss methods of 
improving the quahty of the product obtained 
The losses of oil in effluent waters are considered 
by Beall (i5td No 35, 1933} and Hart, Marshall 
and Beall (ibid No 39, 1933) 

Herring Oil is produced in relatively small 
quantities from offal at canning factories, etc , 
and m larger amounts from whole fish m certain 
countries, such as Norway, Sweden, Iceland 
and Alaska In Norway, for instance, the 
larger part of the annual catch of hemng is 
converted mto meal and oil, there being over 
sixty factonea for this purpose It is mainly 
the large winter catch which is thus used and 
between 300 000 and 400,000 tons are reduced 
annually The oil tends to be of poorer quahty 
than such oils as menhaden, sardine and 
pilchard, as the hemng are often obtained in 
such large quantities that much material has 
to be stored for long periods (up to several 
months), preserved with salt and chloride of 
lime, before the plant can deal with it This 
method has the advantage, however, of keeping 
the plant runnmg over a large part of the year 
As a result of this storage, the oil vanes in 
colour from pale yellow to dark brown Tho 
processes are very similar to those already 
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often incorporate a pre heating chamber The 
outer casing of the cooter is provided mth eteam 
jets and an outlet pipe St«am is admitted 
under a pressure of 3-4 atm and as the per 
forated drum rotates, any disintegrated tissne 
falls through into the space below, along with 
oil and water The penod of cookmg vanes 
according to the material being treated, iiom 
about 1 hour for blubber to 3 or 4 boms for 
bones The process is often semi continuous 
the outside of the perforated drum bavmg a 
propelling worm winch drives the collected 
<nl and water towacda the outlet, whet© it 
is expelled by the steam pressure in the 
cooher It passes through a strainer to re 
cover suspended sohds, winch are pressed and 
dried for meal, and then to a fat separator, 
which is really a specially designed settlmg 
tank From here the crude od is pumped off to 
temporary storage It is next washed with 
warm seawater and passed through centrifugal 
oil and water separators, after which it is 
pumped into the mam storage tanks It is so 
free from water and suspended protein matter 
that it will not deteriorate during the months 
that may elapse before the ship returns to 
Forope 

The principal species of whales caught to day 
are the blue whale [Balcenopltro nusculua), fin 
whale {B pfiysalui), and humpbaid, whale 
liltgapUra ioow) The once highly important 
sperm whale (PhystUr viacroctphaltu) is now 
caught only in relatively small numbers The 
blue whale is the largest and a whale of 100 tons 
may yield 28-30 tons of oil A fin whale gives 
about 8 tons of blubber oil end a humpback 
whale about 0 5 tons These oils are normally 
mixed aboard the factory ships, hut any sperm 
oil obtained is kept separate, m view of its 
entirely different commsition (tide %nfra) An 
interesting feature of we sperm whale is that it 
contains a large quantity of oil in a special 
head cavity oil is liquid at the body 

temperature of the whale and is often obtained 
by simply baling it out through an opeomg 
made in the skull 

The importance of the modem industry can 
be judged from the fact that in the 1937/38 
season, 46 039 whales were killed, yielding 
657,000 tons of oil A modem factory ship 
can produce up to GOO tons of oil per day, of 
which the greater part is of grade 1 quahty 

Further details of the history and develop 
ment of the whale oil industry van be obtamed 
from Mansbndge (J S C 1 1917, 36, 362), Ksuf 
mann (Fette n Seifen, 1933, 45. 7), and Sommer 
meyer(i6i(i 42) Descriptions of modem factory 
ship procedure and eqmpment are given by the 
last author (1 e ), Scholz {i6id 36) and Ulnchs 
(liid 45) The whole of the January issue of 
Fette u Seifen for 193S is devoted to a sym 
po«iam on whaling and whale oil 

CnimcTEHisTics o? Fish Oils — Almost all 
fish and manne ammal oils are partly solid at 
ordinary temperatures, the amount of 
“ steanne ” vaiymg with the species The 
colour of oil made from fresh material vanes 
from practicafiv colourless to golden yellow or 
greenish yellow (« g pdehard oil) or even red 
(salmon oils) Oil made from staler matenal 


IS naturally much darker in colour. The 
percentage of free fatty acid m the crude oJ 
depends almost entirely on the freshness of the 
ongmal material from which it was made, and 
should be less than 2 for good quality ol 
Salmon oil made from total viscera is often 
below this quality, however, m view of the 
extremely rapid autolysis in such matenal 
Whale oil 13 graded into 4 grades on a basis of 
free fattv acid content and colour (e y the new 
Norwegian specification for whale oils, N S 487 
(1939), gives the followmg limits No 1, 2^^ 
F and 3 ced Lowboi^ units (+35 yellow) 
m a 40 mm cell. No 2, 6% FFA and 

10 red umts. No 3, 15% FFA and 12 red 
units. No 4 anything over these) 

Fish oils are normally subject to greater 
vanation in compo‘<itton than land ammal or 
seed fats , due m part to the penods of mtensivo 
feeding and starvation which most speaes under 
go m connection with spawmi^, wmter food 
scarcity and low water temperature, and so on 
Thus the fish periodically build op fresh fat 
reserves and then later deplete them almost 
entirely Hemng, for instance, vary from 
abont 1% of fat to over 30% and the composition 
of hemng fat is sLo different at different seasons 
(Lovero, Biochem J 193S, 32, 676) The 
manne mammals vary greatly in fat content 
duruig pregnancy and lactation and the fat 
composition vanes as a result (Tversaen and 
Klem, Hvalridets Skrifter, No 11, 1935) The 
composition also vanes ^m depot to depot, 
and in the case of mixed oils made from vanous 
parts of an ammal (e g salmon offal oils, whale 
oils, etc ) the composition will vary appreciably 
according to the relative preponderance of one 
or other portion of the ammal Some com 
mercial oils are made from several related 
species, e g Jap fish oil, salmon oil and whale 
oil, and here again variations m composition 
must be expected, which m many cases are 
quite large (Hamson, Anderson, Pottinger and 
Lee, US Bur Fish lavestig Bept Ao. 40, 

1 1939, pve data for salmon oils, and Lund, 

011 and ^oap, 1936, 13, 148, discusses whale 
oils) 

It will be clear, therefore, that the character 
istics normally given for a particular fat 
(density, refractive index, saponification value, 
lodme value, and so on) do not have their usual 
significance aa a means of defining any particular 
fish oiL For mstance, lodme values ranging 
from 140 to 193 have been observed with 
different samples of genume menhaden oil and 
cod liver od shows Biuular variations (c Vol III, 
246a) At the same time, however, it is possible 
to give average values for various oils, and these 
may vary markedly from species to species 
Such vanations are important commercial]}, 
as they influence the valneof the oil for different 
purposes (nJe »n/ra) Actually the character 
istic which shows the most variation is the 
lodme valne The density of most fish oils is 
abont 0 90-0 93, the refractive index vanes 
somewhat with the lodme value (usual hmits 
1 4&-1 48), the % FFA, vanes from <1 to 
very high values, depending entirely on the 
freshness of the raw material, and the un 
saponifiable matter is usually <1 5% (except 
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compoaed of species related zoologically 
Hilditeh and Lovern (Nature, 1936, 137, 478) 
have discussed the significance of this ^eno 
menon, which applies to the whole fidd of fats 
Freshwater species, as a whole, have a character 
istically higher content of Cjg unsatorated 
acids and a lower content of Cgg and Cg, nn 
saturated acids than tnanne species (Lovem, 
Biochem J 1937, 31, 765) 

In contrast to this general type of fish oil 
(which includes the oils from bdeen whales), | 
certain species have fats differmg sharply from ' 
such a type The principal species involved are 
certain sharks and the toothed whales The oils 
of many vaneties of shark are fairly normal, but 
in others the fatty composition Offers in that 
the acids tend to be considerably less on 
saturated than usual and that unusually laige 
amounts of Cgg acids are present (in most fish 
oils Cgg acids are either absent or present only 
in traces) Concurrently with this much of the 
glycerol of the oils is replaced by monoglyceiyl 
ethers of hezadecyl, octadeeyl and oct^ecenyl 
alcohols (chimyl, batyl and eelacbyl alcohols) 
In certain cases large amounts of the highly 
unsaturated, branched chain hydrocarbon squa 
leue are present (Tsujlmoto, J S C I 1932 51, 
317T , d Soo Chem Ind Japan, 1935, 38, 
271B, 272B, 1936, 39, 82B. 1937,40 365B, 
Hilditeh and Houlhrooke, Analyst, 1928, 53, 
246, T P Hilditeh, " Chemical Constitution of 
Natural Fats,' Chapman and Hall, London, 
1940) 

The depot fats of the toothed whales (sperm 
whale, bottlenose whale, dolphins, porpoises, 
etc ) are noteworthy for the relative saturation 
of their fatty acids, the presence of setda of 
lower molecular weights than usual and the 
replacement of much of the glycerol by higher 
ahphatio alcohols (both saturated and un 
saturated) The porpoise and dolphin fats are 
unique m contammg tsoraleno acid, which is 
combined as an integral part of the fat (Lovem. 
Biochem J 1934, 28, 394, Tsujimoto and 
Koyanagi, J Sac Chem Ind Japan, 1937, 40, 
272B) The alcohols occumng m toothed 
whale fats are mainly tetradecyl, hezadecyl, 
octadeeyl, hezadecenyX octadecenyl and eico 
senyl alcohols Hilditeh and Lovem (J S C I 
1929, 48, 365T, 1933, 62, 90T) give the 
quantitative composition of the alcohol miz 
tures occurrmg m sperm head and blubber 
oils In addition, however, traces of the 
following alcohols have been reported octyl, 
decyl and dodecyl alcohols, unsaturafed Cjg 
and C.j alcohols (Ueno and Koyama, J Chem 
Soc Japan, 1036, 67» 1, Bull Chem 8oc 
Japan, 1936, 11, 394), tetradecenol, eicosa 
tetraenol and docosapentaenol (Toyama and 
Tsuchiya, Bull Chem Soc Japan, 1935, 10, 
672 , Toyama and Ahiyama, tmd 679 , 1936, 
11,29) 

IVhilst these alcohols and alcohol ethers will 
appear m the unsaponifiable fraction of the fat. 
It should be remembered that they ate really 
present as saponifiable esters and merely take 
the place of glycerm in a normal fat SquaJeno 
(and other hydrocarbons present in some shark 
Otis) IS, however, true unsaponifiable matter 

The above survey of the chemical composi 


tiOQ of aquatic animal fats has necessarily been 
bnef and is far from being complete It will 
serve, however, to give a general idea of the 
type of compounds oeeumiig in such fats and 
lUnstrate the difference between them and the 
usual land animal and seed fats For fuller 
information on the chemistry of fish oils, see 
the “ Oils, Fats and Waxes ” section of the 
Annual Rep Prog Appl Chem , Hilditeh 
(Proc 5th Pacific Sci Congr Victoria and 
Vancouver, B C , Canada, 1933, 3647) and 
Lovem (Biochem J 1932, 26, 1978, 1985, 
1934, 28 394, 1955, 1961, 1935, 29, 1894, 
1936, 30, 2023, 1937,31,765, 1938,82,1214) 

In Table I are given the fatty acid composi 
tions of a few representative fish oils, mcluding 
most of the commercially important species 
The three shark oils have been selected to 
illustrate the fairly normal type, the relatively 
saturated type and an mtermediate type The 
toothed whale fats illustrate not only the 
pecuhar composition of such fats, but also the 
different compositions of fats from different 
depots in the same animal This point is an 
important one, as the same is often true of 
many other species As an example of the 
extreme differences that may be encountered 
It may be mentioned that the hver and organ 
fats of the sperm whale and porpoise closely 
resemble fats of the cod liver oil type and have 
no lower acids and no wax esters (Tsujimoto 
and Kimura, Chem Vmscbau, 1928, 35, 317, 
Lovem, Biochem J. 1034, 28, 394) It has 
already been mentioned that fish oil composi 
tiona are subject to considerable variation, but 
the data given in Table I will serve to give a 
general idea of the types of fatty acid mixture 
oceumog In these oils 

BsFiNxno 07 Fish Oils —It has been 
mentioned that raw fish oils are normally 
partly aohd at ordinary temperatures, and 
of varying colour from practically colourless 
to reddish yellow Oils from somewhat stale 
material may he brown m colour and have a 
relatively high content of free fatty acid and a 
strong odour The refimng necessaiy before an 
oil IS suitable for an industrial use depends 
mainly on the particular purpose to which it is 
to be put, for some purposes no refining at all 
! being necessary The following refimng pro 
, cesses are in use wintering, alkali refimng, 

' decoionsmg and deodorising 

Winler%ng consists in removal of steann by 
coohog the oil, allowing the steann to settle 
out and then removing it in a filter press The 
purified oil will be quite hquid at ordinary 
temperatures and the process also removes any 
traces of water and mucilage in the crude oil 
The temperature to which the oil is cooled will 
depend on the nature of the oil and the purpose 
to which it is to be put and tbe cooling should 
always be done gradually as tbe separation of 
steann is a very slow process 

Allah refining for the purpose of removing 
free fatty acid, is earned out just as for vegetable 
fats, etc , by stimng tbe oil with the required 
amount of caustic soda solution A certain 
amount of colouring matter is removed at the 
same time The ptinfied oil is run off from tbe 
settled " foots ” 
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Decoloming is usually earned out 1^ agitating 
the heated oil with an adsorbent earth (fuller’s 
earth, etc ), or a mixture of earth and cdiarcoal 
About 6% of earth is used and bleachii^ occupies ; 
about 1&-30 minutes The earth is then re 
moved m a filter press 

Deodonsmg can be aceomphshed by blowing 
with superheated steam in a vacuum, m the 
usual way Care must be taken to use as low I 
a temperature as possible to avoid polymensa I 
tion of the more highly unsaturated glycerides | 

Uses op Fish Oil& — For many purposes 
the vanous fish oils of commerce are inter 
changeable, whilst for others certain oils are 
preferred, e g the more highly unsaturated 
oils for paint manufacture and the less highly 
unsaturated ones for maigarme manufacture 
The principal uses to which fish oils are put 
are dealt with only briefly here, as fuller 
information can he obtained under the appro 
priate headmg elsewhere in this Dictionary 

Fish Oils as Sotoces op Vitamins A amd D 
— ^The best known sources of these vitsnuos 
for both human and ammal requirements are 
cod and other fish hver oils (t> Vol III, 
250) Several of the non liver oils of com 
merce, however, are bemg increasuigJy used as 
a vitamm supplement in animal nutrition Otis 
made from ^ole fish of the hemng family, 
such as herring, menhaden, sardine and pilchard- 
are quite good sources of vitamin D, but m 
general have only a low vitamin A content 
Salmon offal oils are good sources of both these 
vitamins Morgan, ^rnmel and Davison (Food* 
Research, 1939, 4, 145) report that Pacific 
sardine oils contain from 35 95 U 8 P units of 
vitamm D per gram, one sample having 100 
U S P units/e The vitamm A content was 
usually low, but many of the oils were thus at 
least equal to the U 8 P reference cod liver oil 
(85 umts/g ) in vitamin D content {tee alto 
Asmundson and AUardyce, 8ci Agric 1933, 
13 749, Biely and Palmer, tbtd 14, 136) 
Pilchard oil contains from 20 to 100 I U /g 
of vitamin D (varying seasonally) and sometimes 
appreciabfe amounts of vitamm A fSaifey, 
Biol Board Canada Prog Rep Pacific, 1935, 
No 23 11, Brocklesbv, tbtd No 13, 

Pugsley, Fish Res Board, Canada Prog 
Rep Pacific, 1939, No 39, 3 , Asmundson and 
AUardyce, le , Biely and Palmer, le , Biely 
and Chalmers, Proc World s Poultry Congr 
6th Congr Berlin and Leipzig, 1936, Sect 2, 
228, Milne, Rudolph and McFarlane, Poultry 
Sci 1937, 16, 383) Herrmg body oil (Pugsley, 
Fish Res Board Canada Prog Rep Pacific, 
1938, No 35, 7, No 38, 7, Lunde, Nord 
Med Tids 1938, 15, 444, Angew Chem 1939, 
52, 521) and menhaden oil (Manmng, Nelson 
and Tolle, U S Bur Fish Invest Bep 1931, 
No 3, Halverson, Smith, Sherwood, and Dear 
stync N Carohna Agric Expt Sta Tech Bull 
67, 1938) are equal to cod hver oil in vitamm D 
ilorgan, Kimmel and Davison (I c ) report that 
tajnples of commercial salmon ofisl oils con 
tamed 58-142 units/g of vitamm D and that 
some of them approached the nunimom vitamin 
A standard of the U S P cod hver oil Ham 
son Vnderson, Holmes and Pigott (U S Bur 
Fish Invest Rep 1937, No 88) also give 


data for the vitamm content of salmon oils, 
showing wide variations from species to species 
(especially for vitamm A) Some oils were 
superior to good cod hver oil as sources of 
vitamm A, others were superior in vitamin D 
Sockeye and silver salmon oils are good sources 
of both (see also Hamson, Anderson, Pottinger 
and Lee, ib%d 1939, No 40) 

All these oils seem to be especially used m 
poultry feedmg and either the crude or 
‘ wintered ” oils are employed Oils intended 
for such purposes should be made by processej 
involving as httle prolonged heating as possible, 
and centrifugal separation is, therefore, pre 
ferable to a settling tank system (Harrison and 
Pottmger, ibid 1931, No 4, Brooklesby and 
Bailey, Biol Board Canada Bull 1935 No 46) 
Whale oils do not seem to be used as a vitamin 
supplement, but whale hver oil is a valuable 
commercial source of vitamm A (Bomskov and 
Unger, Fette u Seifen, 1938, 46, 90) 
ftSH Oils as Sohecb of Edible Fats — Any 
good quahty fish oil, with the exception of oils 
from toothed whales and certain sharks, may 
be converted into an edible fat by suitable 
hydrogenation lie treatment involves alkah 
refiniDg if necessary (free fatty acid attacks the 
reaction vessel and the other impurities removed 
during alkah refining, slimy matter, phospha 
tides, etc , are catalyst poisons) end bleaching 
with fuller’s earth The extent of the hydro 
geoation depends on the particular product 
being manufactured and on the composition and 
degree of unsatuiation of the original oil 
Oife of equal iodine value do not necessarily 
have the same melting point and m fact fish 
oils, with their mixture of acids of vanous 
molecular weights, give a product which melts 
over a considerable range instead of sharply 
This is a favourable quality in such a fat as 
msrgarme, for example, as it confers increased 
plasticity The hydrogenated edible fats of 
commerce are usually blended products rather 
than entirely made from fish oils, and obviously 
the degree of hardening of the fish oil will also 
depend on the other lats with which it is to he 
mixed The hydrogenation process is often 
controlled m such a manner as to produce the 
maximum content of tso acids (unsaturated 
acids m which a double bond has changed its 
position), which are especially valuable m 
connection with plasticity This control can 
be exercised by using a somewhat dull catalyst 
and relatively high temperatures For making 
solid fats, such as lard substitutes and margarine, 
a fish oil of relatively low lodme value is pre 
ferable, as less hydrogen will be required Such 
oils will include pre eminently whale oil (I V 
about 120} and fish oil steanns separated in the 
wintering of other oils Incidentally, whale oil 
was the first fat to be hardened on a full factory 
scale for use as a foodsttiff (m 1910) Oils for 
lard substitutes are not so fully hydrogenated as 
those for margarine A certain amount of fish 
oil of high iodine value is slightly hydrogenated 
to furnish liquid cooking fats for frying purposes 
The hydrogenated products have lost cn 
tirely all fishy flavour but acquire during the 
process a charactenstic odour, which is removed 
by blowing with steam 
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fissibty may be partly due to the presence of 
mica along definite planes The b^ English 
flagstones are derived from the lower Coal 
Measures, the Millstone Gnt and the Yoredale 
rocks Most of the flags used for paving the 
streets of London are obtamed from the York 
shire coalfleld The Elland flagstone, which is 
extensively worked, la a flne grained micaceous 
sandstone from the lower Coal Measures, or 
gamster senes, extending with persistence 
through the coalfields of Yorkshire, Lancashire 
and Derbyshire In Scotland, the lower Old 
Eed Sandstone yields pavmg slabs of very large 
size, the best Imown bemg the dark grey flag 
stones of Caithness and the Arbroath pavement 
of Forfarshire The celebrated Caithness flag 
stone IS one of the most important economic 
products of the Old Bed Sandstone It is used 
locally as a building stone, and for use as stone 
flooring and staircases it has been exported to 
all parts of the world The extensive works for 
Liebig’s meat extract on the River Plate in 
South Amenca are floored throughout with 
Caithness flags The stone is finely lammated 
tough and compact, and its cementing material 
13 Bibceous, argillaceous, calcareous and bitu 
mmous The last of these, derived from the vast 
number of fossil fishes, renders tbe stone im 
pervious to moisture Analysis of stone from 
the Castle Hill quarries at Thurso, Caithness 
shire, gave SIOj, C9 48 AljO,+ FejO», 
1060. K,0+Na,0. 220, CaCOj, 10 65, 
organic matter, 5 76% Weight per cubic foot, 
157 lb 

L J S 

FLAKE or PEARL WHITE (t> Vol I, 

699d) 

FLAME. Although mankind has known tbe 
use of fire from veiy early times the precise 
definition of “flame” is a problem of some 
mcety Davy who gave a rational basis to the 
science of the subject described a flame as 
“ gaseous matter heated to such a degree as to 
be lummoua ” Generally speaking, however, 
common gases will not glow as a result of simple 
'nesting st any rate up to say lo^e 

vapour glows at a red heat but this is asenbed 
to dissociation of tbe molecules In flame 
production, chemical reaction causes heatmg 
and lummosity, but hydrogen and air ran bum 
under conditions such that the flame is scarcely 
visible even in the dark There is an emission 
of radiation but outside the visible spectrum 
For practical purposes a flame is glowing gas, 
tbe glow being the accompaniment of chemical 
change This defimtion includes phosphorescent 
flames which may bo quite cool m comparison 
with the normal hot flame, and also tbe so caUed 
“ cool flames ' 

The use of the word " lummous ” as a cha 
ractenstic of flame needs qualification because 
in practice it is common to distmgnish between 
non luminous and “ luminous flames ” whereas 
all in some degree glow The so called “ iotmnous 
flames " are charactensed by the presence m 
the flame of suspended particles These hot 
particles have an emissive power greatly ex 
ceeding that of the tenuous gaseous medium m 
which they are immersed and so greatly increase 
the visible radiation from the flame as to justify 


a dutmction from the relatively feebly glowing 
flame m which no solid particles are present 

A flame may be produced when chemical 
reaction occurs between gases or with the pro 
duction of gas provided that the liberation of 
energy is adequate The liberation of heat 
accompanying flame is usually considerable 
Examples are the exothermic umon of CO and 
oxygen to form CO 2 or of hydrogen atoms to 
form molecules, the exothermic decomposition 
into gaseous constituents of explosives such as 
guncotton, or of endothermic compounds such 
as acetylene mto its elements In pbospho 
rescent flames such as that of phosphorus, the 
energy bberated per gram molecule is quite 
conaiderable 

In recent years it has been foimd that “ cool 
flames ” may be propagated under certam con 
ditions of temperature aqd pressure The con 
ditions are low pressure and defective proper 
tioDS of oxygen at temperatures sufiicmg to 
initiate reaction but to permit the formation 
of intermediate products of oxidation only 
The reaction is accompanied by characteristic 
blue or green glows, but m general no high tern 
TCrature unless, as m some cases, the “ cool 
flame ” may be transformed into an ordmarv 
flame (See Explosions, Gaseops, Vol iV, 
pp 41D et eeq ) 

It might be supposed that tbe chemistry of 
flames would be simple as tbe reactions often 
mvolve matter in its simplest form, and the 
reactions themselves are often of tbe simplest 
jhrpe This appearance of simplicity is lUnsory 
The reactions are so extremely rapid and mtense 
that the course of the transformation of chemical 
into kinetic energy of the gaseous products is 
still largely conjectural, for it cannot be followed 
by normal chemical analyaia and the study 
demands tbe newest and most searching efforts 
of modem chemistry and physics 

In the region of temperature below but not too 
far below the ignition temperature where oiida 
tion proceeds at a moderate and controllable 
rate it is possible to examine the progress of 
com'ous'iion ’oy cnemical mefnods Tnus "Rw* 
accumulated evidence to show the gradual oxida 
lion of hydrocarbons by stepwise hydroxylation 
(Bone and Townend, “ Flame and Combustion 
in Gases,” Longmans Green, 1927) 

Tbe subject has been developed by the apph 
cation of the theory of reaction chains For an 
account of the extensive literature, see Semenoff, 
“ Chemical Kmctics and Cham Reactions," 
Oxford Press, 1935, Hinshelwood, ‘‘KinetiW 
of Chemical Change in Gaseous Systems,” 
Oxford University Rvss, 1926 and 1940, Lewis 
and von Elbe, ‘ Combustion, Flame and Ex 
plosions of Gases,” Cambndgo University Press, 
1938, and Explosions, Gaseous, le 

Flames produced in tbe decomposition of 
single endothermic substances *have a certain 
mterest In the case of acetylene, it u of 
practical importance for, while at atmospheric 
pressure the process is feeble, at higher pressures, 
e jr over 2 atmospheres, the decomposition can be 
dangerously explosive In practice, the im 
portent flames are those produced by the 
reaction of a combustiblo substance with 
oxygen — usually in air — and unless otherwise 
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near but below those at which dame propagation 
takes place, as set out m Em-osiONS, Gaseous, 
Vol IV, pp iWetseq 

The measurements of Dixon and Coward 
(J C S 1909, 95, S14) mdicate the comparatiTO 
igmtion temperatures of common fuel gases with 
air and oxygen The gases were heated 
separately to the same temperature before 
meeting and the temperature when infiammation 
was observed was noted 

When igmtion is effected by contact with hot 
surfaces, their condition is of great importance 
as indicated by the diversity of figures recorded 
An extreme example is given by the observation 
of W Davies (Phil Mag 1935, 19, 309) that an 
explosive mixture of CO and air is not ignited 
by contact with a platinum wire at 1,200^, 
although Igmtion occurs at higher and lower 
temperatures Thus, finely divided platinum 
at air temperature may accelerate the union of 
oxygen and hydrogen to such an extent as to 
cause a mixture of coal gas and air at air tern 
perature to igmte This device is used com 
mercially for the igmtion of gas burners (L W 
Andrew, A B Densham and E W Voice, Ttans 
Inst Gas Eng 1937-38, 87, Comm No 174,474) 

Similarly, spark ignition is influenced by the 
size and character of the spark 

Types of Flame 

A stationary flame may he produced by 
Igniting an inflammable mixture as it issues into 
a neutral atmosphere, or by allowing one of the 
combining gases to i«sue from an oi^ce into an 
atmosphere of the other, and igmting the self 
made mixture at the orifice A third method is 
to allow a mixture with one gas in excess to 
issue into an atmosphere containing the other 
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AU these conditions ate found in practice, and 
they me^o into each other A flame of carbon 
monoxide in air lends itself readily to expen 
mental demonstration (Fig 1) 

If undiluted carbon monoxide be debvered 
from a cjlindncal tube under a gentle pressure 
into a still atmosphere of air, the flame which » 
formed appears to be a simple hollow blue cone 
resting upon the orifice of the tube (a) There 


IS a perceptible gap of extinction between the 
end of the tube and the superimposed flame A 
finite interval of time is necessary before the gas 
finds sufficient air to make an inflammable mix 
ture and for this mixture to be ^ited. 

The escaping gas makes its own mixture by 
interdiffusion with the surroundmg air (“ secon 
dary air ”) and so the stream is burnt through 
from the periphery to the central axis as the 
gas ascen<^ The central core of gas must nse 
some distance before reaching a supply of un 
consumed air and consequently the shell of 
burning gas takes a pointed shape, descnbed as 
a “ cone ” When the velocity of issue is m 
creased, the stream becomes more turbulent 
and the shape of the flame increasingly dis 
ordered The combustion is determine by 
mterdiffuaion of carbon monoxide and air 

The addition of a small quantity of air 
(“ primary air ”) to the carbon monoxide before 
it issues from the onfice produces a noticeable 
effect upon the flame The cone diminishes m 
haght and seems to have a lining of brighter 
blue (5) With a bttle more air, the hning is 
seen to be a second cone within the first and 
consequently with a gentler slope The in 
dividuabty of this inner cone becomes apparent 
when the proportion of primary air mixed with 
the issuing gas is sufficient to bring the mixture 
well within the bmits of “ inflammability ” (c) 
The mixture is, indeed, inflaming downwards, 
but as the rate of propagstion does not exceed 
the upward velocity of the gas stream, the inner 
cone of flame cannot travel against the gss 
stream With mere air, however, a n«ater rate 
of inflammation ensues and eveotualTy the inner 
cone, after becoming more and more squat, 
enters the tube and travels against the gas 
stream, first as a flat diso and then as a convex 
surface with the bulge downwards (d) Through 
out all these changes, the second or outer cone 
IS mamtained at the orifice of the tube by the 
combustion, in the external air, of the carbon 
monoxide m excess of that which the primary 
air suffices to oxidise in the inner cone or 
disc It loses in briTlianco owing to its dJ'a 
tion with the carbon dioxide and mtrogen which 
come from the inner cone If the primary air 
supply be increased until it can complete the 
oxidation of the carbon monoxide, the outer 
cone will disappear altogether (c) This, how 
ever, is not the end point, for an excess of 
primary air just bke a defect dimimshes the rate 
of mfiammatioo, and consequently when the 
rate has been r^uced below the velocity of 
the outflow of the gaseous mixture the single 
(inner) cone of flame will nse again to the 
onfice of the tube and remam there It is to 
be noted that now the flame consists of only 
one film of burning gas The film is still conical, 
but it has considerable thickness and its lower 
boundary » also a conical surface (/) The 
term "sohd” has been used to distinguish a 
flame of gas which is burmng continuously 
throughout the whole or nearly the whole swee 
included by its external surface from one which 
13 boming in thin films and whose external eur^ 
lace includes chiefly unbnmed gas , but a “ solid 
carbon monoxide flame is obviously a contra 
dictioa in terms, and the two types of flame 
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of fuel gas IS surrounded by a concentnc stream and rotational levels contribute to tbe total 
of air under conditions such as to retard inter energy of the system * 

diffusion, the combustion can be delayed The The temperature of the sodium vapour m 
velocities and densities of gas and air shonld olectrjc discharge lamps appears to exceed 
approximate, if necessary by preheating the air 2,000® judged by brightness and to be only 
By this means so called “ Effusion ’ flames of one tenth of this judged by direct measurement 
great length and radiatmg area can he produced, Agam the bnght inner cone of the Bunsen flame 
and their properties have been studied by S P judged from the intensity of its radiation is the 
BurLe and T E Schumann (Ind Eng Chem hottest, whereas thermometnc measurement 
1928, 20, 998) Delayed aeration promotes shows it to be the coolest region of the flame 
hberation of mcandescent particles over a large The inner cone is a region of intense chemical 
area This is useful for the rapid and uniform activity, the source of a visible radiation in ex 
heating of large furnaces Such flames may be cessof that emitted by the adjacent gases which, 
open, or formed in heat resisting tubes which judged bj their translational kmetic energy, are 
radiate upon tbe furnace charge This device at least as hot 

helps the control of furnace atmosphere For a fuller discussion of the meaning of gas 

temperatnres, see J G Bennett and Piraiu, 
Flame Temperatures J 1939* ^2, 1^5, Special Issue 

March 12 

The defining and measurement of the tem The term “ flame temperature ” is sometimes 
perature of gases presents difficulbes which do apphed to a figure calculated on tbe assumption 
not ari'^e when dealing with sobds and bqmds that the known heat of combustion of the com 
If a thermometnc instrument is immersed in a bustibla is distnbuted without loss among tbe 
eohd or hqmd until equihbrium is reached then a theoretical products of combustion The*e 
tolerably precise indication of temperature can figures are always arbitrary because they depend 
be obtained When deahng with gases in general on the natnre and extent of the assumptions 
new features appear Gases, according to the made — the sjiecific heats of gases at high tem 
kinetic theory, consist of molecules m Imear perature, the degree of dissociation of the pro- 
motion and therefore charged with kinetic energy ducts into simpler molecular radicals or atoms 
of translation This energy can be measured Such calculations have a certain use m makisg 
by the pressure exerted by a fixed quantity of estimates of comparative thermal intensity a^ 
gases on the walla of a confining vessel ^bus usefulness of fuels The use of the<e calemated 
pressureutakenasameasoreofthe temperature “theoretical flame temperatures “ is, however, 
of the gas, either by direct measurement or by hmited because they vary httle for a wide range 
some instrument cahbrated agamst the pressure of fuels Tbe combustion of carbon with air to 
Gasesmaybechargedwithenergymotberforms form CO, with its associated nitrogen gives 
e g that associated with tbe quantised electromc, about 900 calones per litre of gaseous piodacts 
vibrational and rotational states of tbe con Tbe combustion of hydrogen with air to form 
stituent molecules In a system m equihbnum. steam with its assouated mtrogen gives almost 
the total energy of the system wdl ^ aistnbuted exactly the same quantity of heat (net) per btrt 
between these quantised states and the kinetic of prodocts As most fueb consist of C and H 
energy of the molecules according to the Max m various atomic combinations, and having 
well Boltzmann law If the equihbnum is only small heats of formation, the composition 
disturbed, an appreciable time may elapse before of a fuel consisting essentially of carbon and 
the energy is redistributed in the normal manner hydrogen has no largo influence on the “ thermal 
This is especially true of flame gases which are intensity,*' or ‘ flame temperature “ m this 
or have been m a state of intense chemical sense, of the products Actually the usefulne« 
activity, and where chemical and physical of tbe fuel la practice will, in most cases, depend 
equilibrium may not be established In these on other considerations 

circumstances the temperature indicated by a Most flames are composed of or bounded by 
particular measurmg instrument will depend thm films and their external surface encloses a 
on whether or not it is affected by energy of a quantity of imbumed or partly burned gas B 
particular form As an example, a thermo is not customary to apeak of the temperature of 
couple inserted m a stream of hydrogen con such a flame as meaning the average thermal 
taming free atoms would indicate a higher state of the burning films and the included gas 
temperature than that corresponding to a treos Tbe temperature attainable by the combusnon 
lational energy of the component molecules and of gas usually means the temperature which 
atoms, smee the catalytic recombination of the would be indicated by a thermometnc instru 
atoms on the surface of the wire would result meat wholly immers^ and in thermal equili 
in the release of the chemical energy of reaction bnum with its surroundings m a specified region 
Similarly m a system in equihbnum, which ts ofcombustion Such a temperature is obviouslr 
emitting radiation, one may determme the lower than the “ theoretical flame temperature 
temTCrature from a spectroscopic examination mentioned above Combustion is not instan 
of the radiation, eg by the distnbution of taneous and energy is lost by radiation It u 
Intensity in the vibrational and rotational difficult to pjake such measurements m thm fil®* 
structure of a band spectrum When eqnili of flame , but is more practicable in “ volume 

bnum IS not attamed, the temperature deter flames, produeedbyburningreadymademiitures 

mmed b\ this means may be different &om that of combustible gas and air , 

measured by the kmetic energy of the gas, but An extensive and cntical account of the 
IS none tbe less sigmficant as the vibrational measurement of flame temperatures has been 
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and the utihsation of the radiant energy m in 
creasing the efficiency of heating processes 
Although the problem of the ongm of the radia 
tion has attracted much attention, it la still nn 
certain whether the process is thermal or chemi 
lummescent m character, or both, t e whether or 
not the ene^y states concerned m the emission 
are m thermal eqmhbrjum with the remainder 
of the system according to the Slazwell Bolte 
TTian distnbution law The conception of 
thermal equihbnum and the relation between 
the kmetic energy of the molecnies and their 
electronic, vibrational and rotational energy is 
discussed in the preceding section on flame 
temperature In general it is to be expected 
that m the flame ^nt where chemical change is 
most active, particular species may he formed 


m an excited state, giving rise to emission which 
IS characterised as chemilummescent In the 
outer regions of the flame the tendency will be 
for the establishment of thermal equihbmzn 
consequent on the “ degradation” of“ ordered 
energy of chemical reaction and the radiation 
emitted will be thermal m character 
Experiments earned out to test this point are 
not entirely conclusive Sphmidt ( Ann Physik. 
1909, [iv], 29, 1027) made measurements of the 
spectral bnghtness m the infr a red region of 
a coal gas flame m a Meker burner These 
measurements were made a short distance 
above the cone, and were considered to estab- 
lish the thermal nature of the infra red radiation 
in this part of the flame On the other hand, 
m “ cool ” flames, where visible Lght is emitted. 
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the temperature as detenmned thennometncally 
IS of the order of 300®C , and hence it would 
appear certain that the radiation u cbemi 
lummescent The whole question menta further 
study, with particular reference to modem con 
ccptions of the sigmflcance of flame temperature 
discussed on p 240 

The distnbution of energy through the 
spectrum has been exammed for many flames 
An important fact is that the emission in the 
visible and ultra violet regions represents holy 
a very small part of the total energy emitted 

Almost all the radiant energy of the hydrogen 
flame is in the band at 2 8fi emitted by the water 
molecule Similarly, with the dry carbon 
monoxide flame, most of the energy is associated 
with the band at 4 4^ chanictenstio of CO, 
^Then water vapour or hydrogen is present in; 


this flame, the water band at 2 Sfi appears but 
the total radiation is greatly diminished In 
the case of hydrocarbon flames as might be 
expected, both the COj and HjO bands are 
observed in the ‘ non lummous ’ flames, while 
when the flames are " lummous,” due to restne^ 
tion of primary air, sensibly “ black body 
emission from the incandescent particles of 
; carbon is observed the position of the maximum 
emission being determined by the temperature 
of the flame according to the Wien displacement 
law 

The radiation from flame is important m 
practice because it supplements the transfer 
of heat by convection wffile being free from its 
limitations It is particularly important in 
connection with the use ofgaseoua fuels and mns 
be considered m relation to the atmeture ana 
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intensity, wlule the COj bands and tbe con 
tmuous spectrum di mini sh With most hydro 
carbons bands of CH at 4,317, 3,88Sand3.140A 
and of Cjt the Swan bands at 4,737, 5,163 and 
5,635 A, etc , are emitted, together with the 
above mentioned systems In addition there 
occurs a complex and extensive system of bands 
m tbe near ultra violet and visible region first 
noted by Vaidya {t6td 1934, A, 147, 613) in 
the ethylene fiame and hence known as the 
“ ethylene flame " bands The emitter of tW 
system is uncertam , Vaidya considered it to be 
the radical CHO, but others have suggested 
CH, (Bell, ibid 1937, A, 158, 429) and HCHO 
(Kondrateev, Acta phys chim USSR 1936, 

4, 556, Smith, Proc Roy SoO 1940, A, 174, 

110} The contmuous emission &om mean 
descent carbon particles previously mentioned 
extends mto the visible region to an extent 
depending on the flame temperature 

The relative intensities of these bands vaiy in a 
somewhat complex m ann er with the nature of 
the combustible, degree of aeration and the zone 
of the flame examined 

The spectra of certam special forms of flame, 
e g the ‘ cool ’* flame, and of tbe less usual com 
bustible substances, have also been the object 
of considerable investigation It is beyond the 
scope of the present article to deal with all these 
cases, but toe list of references given m tbe 
next column, indicatmg the nature of tbe flame 
and of the emission bands observed, while by 
no means exhaustive, should serve as a guide 
to the literature of the subject 

The conclusions which have been drawn from 
these observations are m many cases of doubtful 
value, as insufficient consideration baa been 
given to the complexity of the mechanism of 
the emission of spectra m flames, and to the 
difficulty of mterpreting the chemical processes 
irom spectroscopic data This matter is dis 
cussed by E C W Smith (Proc Roy Soc 
1940, A, 174, 110) In spite of these ImutatiODs 
the observation of tbe spectrum is almost the 
unique source of information as to the part 
plAyed by feea tadicala and aimdas veactiTe 
species in combustion processes In general it 
would seem that the spectra indicate some de 
gree of disruption of tbe combustible molecule 
followed by rearrangement to stable and seuu 
stable molecules, which is not m accord with 
most current theories of combustion On the 
other band, bo httle is known of the nature of 
the kinetic processes involved, that it is doubtful 
whether any of the tbeones, “ hydroxjlation,” 

“ peroxidation,” “ chain theory ” do more than 
give a representation of the mechanism which is 
more or less useful for particular purposes So 
httle 13 known of the mode of transfer of the 
energy of chemical reaction that to attempt to 
prove that any particular theory represents the 
actual course of the molecular and atomic eo 
counters is quite useless In particular, httle 
IS known of the part plajed by radiation in tbe 
transfer of energy from reacting to nnreacted 
molecules, and it would probably be possible 
to account for all known data on the assunm 
tion that this energy is radiated in the far 
nltra violet and absorbed by the surrounding 
molecules 


"Reference 

Flame 

Bands 

observed. 

Bell (Proc Roy 
Soc 1937. A, 
158, 429) 

CHi 1 

CHjOH 

CHjCHO 

H CHO 

I C,,CH,OH, 

. CO„ “Et 
flame ” 
CO„ OH. 

Emeldua (JCS 
1926, 2948) 

(C,H.),0. 

Cool flame 

Normal 

flame 

Fluor escent 
bands of 
HCHO. 
Cj.CH.OH, 

‘ Et flame ’ 

Fowler and Ba 
dami (Proc 
Roy Soc 1931, 
A, 133. 327) 

H,in NgO 

Nfl, OH, 
NO,NH,(7) 

Fowler and Gre 
gory (Phil 

IVass 1919, A, 
218, 351). 

NHa 

NH, NH,(?) 
NO. 

Fowler and 

Vaidya (Proc 
Roy Soc 1931, 
A, 132, 310) 

CS, 

H,S 

Sj.CO.SOf 

Ss.sb.SOr, 

OH. 

Kitagawa (Proc 
Imp Acad 

Tokyo, 1935, 
11, 262) 

Br| in H|. 

Br,. 

Rassweiler and 
Withrow (Ind 
Eng Chem 

1932. 24. 528) 

Flame in 

cylinder 
head of 
petrol en 
gme 

C„CH,OH, 

‘ Et flame ” 

Vaidya (Proc 
Indian Acad 
Sci 1935, 2, A, 
352) 

Benzene *1 
Toluene 
Phenol 
Resorcinol 
' Pyrogallol 1 
Benzalde 
hyde 

Benzoic acid 
Diphenyl 
oxide 

C„CH,OH, 

“ Et flame ” 


Aniline ^ 

Nitro 1 

benzene I 

Pyridine J 

C„CH,OH, 

“ Et flame," 

CN, NO. 


Products of Combustion ‘ 

"When a fuel such as town gas bums In a 
flame with free access of air, combustion to 
CO| and HjO is remarkably complete These 
major products of combustion are barmle*»r 
although in certam water heating installations 
provision must be made for the disposal of con- 

* The chemistry of combustion and details of 
probable mechanism are discussed la the article 
LxrLOstoxs, QiSEors, Vol IV pp 417e/»e? 
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snd that reduction to below 5 grams per 100 cd 
ft IS desirable 

The commoner materials used in the constrac 
tion of gas appliances may be placed m descend | 
ing order of their resistance to corrosion by pro 
ducts of combustion under conditions -wbere the 
water vapour simultaneously formed is almost I 
completely condensed, as follows tin, solder, I 
lead, aluminium, copper, brass, zinc and iron In ' 
tbe case of zinc the sulphur acids are almost 
quantitatively taken up Lead is peculiar in 
showing increased corrosion at low solphor 
concentrations This is presumably due to the 
action of tbe small amounts of mtric acid formed 
by the oxidation of the NO produced during 
combustion, and failure to form a protective 
coating of lead sulphate 

Tests have also been made with the same 
materials under conditions of partial conden 
sation and re evaporation The matemla re 
mam in substantially the same order, but cor 
rosion IS aggravated by local attack and tbe 
formation of locahsed deposits, some of them 
volummoua, such as would choke flue ways 
and interfere with combustion As might be 
expected, the deposits consist largely of basic 
sulphates of the metals named Apart from the 
question of sulphur it has been shown that great 
importance attaches to the composition of the 
furnace atmosphere m the heat treatment of 
metals, and that bright finished work cannot 
be economically produced m a “reducing” 
atmosphere resulting from tbe indiscriminate 
admission of excess gas to the furnace 

Stfereneea — Wood and Pamsh, “ Corrosion 
by Products of Combustion,” I (Trans Inst Gas 
Eng 1033-34, 83, Comm 70,73), Il.Woodand 
Pamsh (t(id 1034-35, 84, Comm 100, 246), 
ni. Wood and Eastwood (tfitd 1935-36, 85, 
Comm 121, 167), IV, Wood sod Eastwood 
(i6id 1936-37, 86, Comm 140, 68), Wood 
and Taylor (thtd 1939, Comm 224). BliUett 
and Cobb, ” Scalmg of Mild Steel in S free and 
S Containing Furnace Atmosphere ”(»6jd 1935- 
36, 85. Comm 127,609), Fells. “ Use of Town 
Gas in the Steel Industry” (i6i<f 1933-34, 83, 
Comm 87, 698) 

Combustion Characteristics 

As fuels BIO used to gonerste heal, the prtocipsl 
property of a fuel gas is therefore its cslonfio 
Value, or the number of B Th U developed per 
cu ft of gas burned It does not follow that the 
gases with the highest C Ys are the most suitable 
for a pubho supply, in fact, constancy of 0 V is 
in practice more important than tbe precise 
value adopted 

Under the Gas Regulation Act, 1920, tbe 
initial selection of the calorific value of the gas 
to be Bupphed m any area in Great Bntam wae 
at the discretion of the local gas autbontj, with 
out restriction as to composition so long a# tbe 
" declared calorific value ” is maintained By 
far the greater part of the gas now suppbed has 
a C V. between 470 and 600 B Th U per cu ft , 
and there is a tendency to reduce the variety of 
declared calonfic valoes la use 

It IS found, however, that constancy of CV 
does not necessarily ensure uniformity of per 


forsiance in gas apphances The manner of 
combustion of the gas vanes and these differences 
are loosely referred to as the “ combustion cba 
rsctenstics ” of the gases For some time the 
technicians of tbe gas industry have been 
seekmg methods of defimng and measuring 
“ combustion characteristics ’ and expressmg 
the property numencally Wood and Eastwood 
have prepared a cntical review of tbe literature 
of the subject, with an extensive bibhography, 
for the Joint Research Committee of the 
Institution of Gas Engineers and Leeds Uni 
versity (Trans Inst Gas Eng 1937-38, 86, 
Comm 166) 

fSieoucal composition fails as a cntenon of 
combustion characteristics, as there is no simple 
and recogmsable relationship between com 
position and behaviour on combustion , further, 
changes m composition, e g in the heavy hydro 
carbons, not detectable with certainty by 
ordmary methods of analysis, may cause signifi 
cant differences m the manner of combustion 
Small quantities of accelerators or retarders, too 
email to measure directly, may also be present 
The*' CPuDction ”put forward by the American 
Gas Aasociation is a criterion or combustion 
charactenstio which can be calculated from the 
chemical composition of tbe gas [thi ) 

Density or specific gravity is a most important 
physical property of a fuel gas, since variations 
m density affect both thermal delivery and the 
degree of primary aeration of atmospheric 
burners Close regulation of both these proper 
ties (C V and density), however, does not of 
Itself guarantee uniformity of performance m 
es For this reason the Wobbe 
Calonfic Value 
VSp Gr 

Contment, is only of limited service as a com 
bustion characteristic (see review by Wood and 
Eastwood, I c p 60) 

The behaviour of agas burner is closely related 
to the Same speed curve of the gas [q v }, but this 
curve does not give a single numencal value 
characteristic of the gas The maximum fiame 
speed IS unsuitable for characterising the gas 
smc^ atmospheric burners do not normally work 
at air gas ratios corresponding with the maxi 
mum Same speed of the gas used, but at a lower 
value where flame speed is very sensitive to 
changes in air gas ratio An interesting and 
ueefiil derivative of the flame speed curve, 
Mmchin's ” D Function," is descnbed in the 
review mentioned, p 65 

In view of the defects of the cntena of com 
bustion outlined above, the idea of observing 
the behaviour of gases in carefully standardised 
Bunsen burners has led to several attempts in 
this direction The results are composite and 
empirical, and reproducibihty depends upon 
the production of the test burners to ve^ exact 
dimensions and their use under carefully stan 
dardised conditions 

Thus, Ott (Wood snd Eastwood, I c p 44) 
opened the graduated air shutter oThia burner 
until tbe flame was either unsteady (FZ — ■ 
Flackerzahl) or actually struck back (RZ — 
Rfickschlagzah]) and the corresponding reading 
was recorded as the ” Ott Number ” of the gas 
and laextcnsively used on the Continent Hawes 


appuanc 
Index, K f 


, popular on the 
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be covered by the standard burner rrorking in 
the normal fashion for given conditions of gas 
supply The three principal constituents of 
toim gas, hydrogen, carbon monoxide and 
methane show a remarkable diversity in the 


shape and extent of the boundaries of their 
combustion and aeration diagrams, and on this 
basis the paper referred to indicates the reasons 
for the suitabihty and unsuitabihty of numerous 
mixtures proposed for town gas suppLes 



Thermal Input to Burner 
Fia 6 

{RtTfOdMCtd by ftTtn itnon 0 / Oit /nttiiution oj Get EHf\ tutrt ) 


Flame Speeds —In burners of the Bunsen 1 
type the stream of gas issuing from the jet I 
causes air to be drawn into the burner, and it is I 
the character of the resulting air gas mixtve, ' 
partieularlyasr^ardsrate of flame propagation, 
which determines the behaviour of the buner I 
Results are generally presented in the form of I 
curves showmg the relation between the rate of I 
flame propagation and the composition of the ' 



(1) Each curve exhibits a pronounced maxi 
mum 


(2) There is a remarkable difference in the 

maximnm rate of flame propagation for 
individual gases, that for byit^en being 
approximately seven times that for 
methane 

(3) For all curves the maximum rate of flame 

propagation is not attamed when the air 
and gas are m the proportions theo* 
retieally necessary for complete combns 
tion, but when there is an excess of 
combustible gas 

(4) The luniU of composition of the air gas 

mixture within wmch flame propagation 
will take place are veiy different for the 
individual gases (ere * Limits of In 
flammability,' p 237) 

(o) *rbe curves do not reach the base line but 

I for mixtures at the limits of i^am 

I mabihty 

I The curves shown m Tig 7 were obtained by 
the ” Static " method, 1 e, by observing the rate 
of flame travel m a homogeneous stat onary mix 
; ture conflned m a horizontal glass tube 2 5 cm 
j diameter There is an alternative ‘ Dynamic*’ 

I method of determining flame epeeds due to 
' Gony which is perhaps of greater importance to 
burner designers, depending upon the measure 
ment of the dimensions of the inner cone of a 
Bunsen flame fed with a homogeneous mixture 
of gas and air of known composition The 
flame speed is given by 


*r\^r*+A* 

where V •=flame speed in cm per sec 

Q *=nite of mixture flow (air+gasj c.c, 
per sec 

r =radius of burner mouth (mtemal) 
cm 

h «.height of inner cone m cm 
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The formula used la • 

1,658 Sx-y/in 
“ Q(f+d)(r-} 1) 

ivhere II esmomentum ratio constant 

X kscrosa section of burner pipe in sq ins 
H =ga8 pressure, ins water gauge 
d =ap gr ofga8(air=l) 

Q ^gas rate m cu ft per hour 
r eapnmary air gaa ratio 

In normal Bntisb practice with low pressure 
burners a pnmary air gas ratio of 2 to 2 6 is used, 
or somewhat less than half the theoretical air 
requirement of the gaa With slow burning 
gases such as natural gas a lower outlet velocity 
IS required and air gas ratios of 4 1 and 6 I are 
easily achieved 

It should be observed that in most cases the 
air gaa ratio of a burner falls as the burner 
becomes hot, reductions of 25% being common 
Types of Flames and Burners — ^Thenon 
aerated or luminous typo of flame is now rarely 
used for tbe aake of the light it emits, but the 
original rat tail and flat flame burners still And 
extensive application The gas is caused to 
expose a largo area in both cases and the whole 
of the air required for combustion is suppbed 
bv diffusion as secondary air It must be em 
phasised that luminous flames of the men 
tioned develop precisely the same amount of 
heat per unit of gaa burned as do those of the 
Bunsen type They cannot, however, be used 
where flame contact is likely to occur owing to 
1 deposition of soot On the other hand, thoy can 
be turned very low without extinction or back 
Are and thus possess considerable advantages 
over the aerated type of flame where thermo 
static control of heating is employed, as m auto 
matic water heaters Quito recently the luminous 
flame has been re adapted to use m gas flree 
Diffusion flames have already been referred to 
and find appbcation almost exclusively in I 
furnace practice I 

In surface cemVoKtaun apjfoifnwb a nmtVxne' 
of gas and air in practically theoretical propor 
tions 18 produced mechanically — usually with 
the aid of a small fan for the air supply — ond is 
forced through a porous refractory diaphragm 
The surface of the refractcry mstenal attains a 
bnght red heat and such devices have found 
widespread uses Combustion is substantially 
complete vhen tbe air is some 6% in excess of 
that theoretically necessary for combustion, but 
the rate at which the combustible mixture can 
be suppbed is subject to certain bmitations If 
fed too quickly the mixture bums on the exit 
face of the refractory slab which remains oold, 
and if fed too slowly the slab graduaUy becomes 
red hot throughout and ignites the explosive 
mixture on the inlet tide According to measure 
ments by Wood and Howartb using surface 
combustion gnllers and water heaters, the per 
ratssible rate of heat development was of the 
order of 36,000 B Th U persq ft of combustor 
surface per hour for a town gss of 470 B Tb U 
percu ft Surface combustion has been claimed 
to accelerate combustion in certain types of 
furnace where tbe air gaa mixture does not pass 
through a diaphragm but is caused to impinge 


violently upon a rough bed of refractory 
material 

The forms taken by the aerated or Bunsen 
typo of burner are too numerous to mention, their 
shapes and sizes being dictated by the purpose 
for which they are intended To deal with gases 
of different qualities they are usually provided 
with adjustable gas nipples and air shutters, 
although if gas quabty is standardised and 
governors provided these means of adjustment 
may he dispensed with 
As has been pointed out already the ordinary 
aerated burner takes m only about half the air 
necessary for the combustion of the gas as 
primary air, and attempts are continually being 
mode to increase tbe air gas ratio with a view 
to securing more compact and hotter flames 
The pnncipal means adopted are to use better 
finished and accurately centred injectors, 
carefully shaped air intakes and Venturi tubes 
for the burners, and the insistence upon a better 
degree of finish for the internal passages of the 
burners so that resistances to the flow of the 
air gas mixture shall be reduced to a minimum 
The laboratory Meker burner is an example of 
an improved low pressure burner in which these 
; principles are applied, the air gas mixture 
making its exit through a deep metal grid m 
the head of the burner and the individual flames 
coalescuig to form a compact, solid and very hot 
flame The air gas ratio is higher than that in 
the ordinary Bunsen burner, reaching 60% of 
tbe theoretical air requirement of the gas, 
according to Wood and Howartb 
Jr order to secure a higher flame temperature 
resort is sometimes had to preheating the air 

£ ia mixture on its way to the burner bead 
xamplea of this will be found m street bghtuig 
burners and many industrial burners If it is 
nece»ary to reach higher temperatures than are 
realisable m low pressure burners, higher air 
gas ratios can be achieved by the use of specially 
designed high pressure gas burners m which 
either tbe gas pressure is increased to about 72 in 
vwAaa tn s-w 'A 

Tbe theoretical air gas mixture may also be 
produced entirely by mecLamcal pre mixture 
as in the Belas system 

Tbe temperature reached in the flame may also 
be mcreased by tbe use of oxygen or air ennebed 
with oxygen, the bmitiog case being the well 
knownoxy acetylene cuttingand welding burners, 
where the endothermic character of tbe acetylene 
augments tbe effect still further(r Vol I, 112) 
Aerated flames have also been used in “ aub 
merged ” burners for water heating purposes, 
tbe direct contact between tbe water and tbe 
flames giving higher thermal efficiencies than 
when the beat has to bo transmitted through the 
wall of a container as in normal practice 
In considering modem developments in tbe 
application of flames attention should bo called 
to the exactness and ease with which heat can 
be suppLed and controlled, and the cleanbaess 
and compactness of the equipment There is 
also a tendency to render the burners self acting 
by the provision of automatic tbermoatatio 
control and of such conveniences as clock 
controlled, catalytic, or electrical igmtion 

II J U , E C W £. and J W W. 
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Many mixtures contaimng alu mini um as 
mgredient are rendered more rapid m tlieir 
combustion by the addition of sibca, -while tbeir 
rate of combustion may be retarded by the 
introduction of regulated quantities of car 
bonates of alkabs or alkabne earths or oxides of 
the latter Thus the above mixture may be 
converted into a slow bunung “ time ” mixture 
by the addition of 2 parts of an alkaline earth 
oxide or carbonate 

Flash powders are now frequently loaded 
into smaU cases or cartndges, igmtion of the 
mixture being effected sometimes by an electnc 
arrangement and sometimes by means of an 
inserted strip of magnesium nbbon In the 
former case, the two electric wires are fixed mto 
the cartridge, with either a short spark gap or 
joined by a fine incandescing wire 

One of the many patented cartridges has a 
case wlucb is itself infiammable It consists of 
a short celluloid cyhnder closed at the bottom 
with a cork saturated with collodion, and at the 
top with a disc of cork saturated with an 
emulsion of magnesium Through this there is 
inserted a short strip of magnesium nbbon 
which, on ignifiOR, starts the combustion of the 
charge 

A number of contnvances have been devised 
for producing a rapid succession of fiash lights 
for purposes of cmematoCTaph photography 
These consist essentially of mechanical devices 
for the intermittent feeding of metaUic mag 
nesium against the two metal terminals of an 
electno circuit 

A St H B 

FLAVANILINE, 2 p • ammophenyl 4 
methylqumoline 

CHj 


iNH, 


IS flamed by tbs action of zino cbloeide on 
acetamhde at 250-270“ (Fisher and Rudolph, 
Ber 1882,15,1600, GP 19766), by the action 
of acetic anhydride on anihne salts at 180-200“ 
(GP 27948), by beating acetophenoneoxime at 
60* with PjO. (Goldschmidt, Chem Ztg 1903. 
27, 279) , and by usual methods from qumobne 
denvatives Flavambne has m p 97*, is spannglv 
soluble in water but dissolves readily in acids to 
give jellow green solutions 
FLAVANONE or DIHYDROFLA- 
VONE, I, IS produced when 2 bydroxycbal 
kone IS digested at the boibng temperature 
with alcohobc mmeral acid (v Kostaneclu and 
Szabrafiski, Ber 1904, 37, 2634), and this is the 
method generally adopted for the synthesis of 
flsvanone derivatives Flavanone is alsoreadily 
obtained in 80% yield (LSwen^in, 1924, 
67, [E]* 1615) by adding excess of aqueous 
Sodium hydroxide (1-2%) to a warm alcohobc 
nlution of o-hydroxychalkone 
On hydrolj sis, the flavanones j leld chalkones, 
a reversal of the reaction given above The 
reaction in these cases is not umdirectional, and 
the conversion of flavanone into chalkone, or 
chalkone into flavanone, is never complete 


Hiough as a rule a chalkone only is obtamed 
by the mteraction of a hydroxyacetophenone and 
a benzsidehyde derivative, in certam instances 
the corresponding flavanone is directly produced 
Thu^ condensation of gallacetopbenone di 
methyl ether with benzaldehyde in presence of 
sodium hydroxide yields 7 8 dimSthoiyflava 
none (Woker, von Kostanecki, and Tambor, 
Bet 1903, 36, 4235) 



Accotdmg to Shinoda and 8ata (J Fharm 
Soc Japan, 1928, 48, ITo 658, 109) who em 
ployed the method of Bebn (Chem Zentr 
1898, I, 1223), condensation of denvatives of 
cinnamoyl chlonde with resorcinol in nitro 
benzene solution in presence of alummmm 
chlonde gives chalkones, whereas with phloro 
glucinol the mam products are flavanone 
denvatives For example cmnamoyl chlonde 
and resoremol yield in this manner 2' 4' di 
hydroxycbalkone, whereas with phloroglucmol, 
6 7 dihydroxyflavanone and 2 4 6' tnhydroxy 
chalkone are obiamed 

Flavanobe ciyatallises in small colourless 
needles, m p 75-76“, and is reduced by alumi 
mum amalgam in neutral alcohobc solution to 
flavanol (4 hydroxyflavane) mp 119“ (corr ) 
(Freuden^rg and Orthner, Ber 1922, 55, [B], 
1748) The pivacone 

CHPh. 


CHPh— CH, 




I 


CH,- 


No 


C(OH) C(OH)— C8H4^ 

IB formed as a by product The reduction of 
flavanone With titanous chloride (Karrer, Yen 
and Reichstein, llelv Chim Acta, 1930, 13, 
1308) IS said to yield the isomenc flavanols 
melting at 148-149“ (corr) and 120-1205“ 
(corr) respectively, the latter evidently being 
the flavanol obtamed by Freudenberg and 
Orthner (Ic) A small amount of the corre 
sponding pmacone is also obtamed dunng this 
reaction 

Flavanones, flavones and flavonols can bo 
distinguished by their behaviour on reduction 
(Arahina and Inubuse, Ber 1028, 61, [Bj 164C) 
Thus, the hydroxyflavonols give red dyes only 
with magnesium and hydrochlonc acid, the 
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FLAVINDULJNE, 



the chloride is formed by heating phentra 
qumone with o aminodiphenylamine hydro 
chloride (G P 79570) According to Hantzach 
(Ber 1900, 33, 291) the pseudo base most be 
formulated with hydroxyl on carbon atom 3 as 
condensation with compounds containing reactive 
methylene groups gives products of the type 



Flavindulme salts themselves dye mordanted 
cotton yellow 

FLAVINDULINE O (v Vol I, 6706 
6726) 

FLAVINE (u Vol I, 1346) 
FLAVOGALLOL, CjiHgOu, u obUmed 
bv heating a solution of gallic aad ui 80% sul 
pQunc acid with arsemo acid at 120’ for 6 boun 
[Bleuler and Ferkm, J C S 1918,109,631) It 
forms hair like yellow needles which carbonise 
without melting and are epanngly soluble m the 
usual solvents but soluble m sodium hydroxide 
solution with an orange yellow colour 
By the action of sulphunc acid it yields the an 
hydrostilpluUe, C„H,0 jj,H|S 04 orange yellow 
prisms, the inpafasatum salt, 
prepar^ with alcoholic potassium acetate, forms 
an orange coloured crystalline powder With 
boiling a nilin e, davogallol yields the amltde, 
CjiHjOji NH CjHj, yellow needles, mp 


OH OH 



I 


above 345“ Hexabenzoyljlavogallol forms yellow 
prisms, m p 326-328“, and hexa aeett/ljlavogallol, 
stnall pnsmatic needles, melting at 278-280“ 
(decomp ) 

When hexa acetyldavogallol is hydrolysed by 
means of acid m presence of ethyl or methyl 
alcohol, ethyl flavogallcmate, CjjHnOi,, pale 
yellow needles, or methyl jiavogMonate, 
CjjHjjOij respectively, is produced By 
gentle treatment with 30% potassium hydroxide 
eolution, flavogallol yields “flavogallonxc aetd, 
needles, m p above 300®, and this, 
when acetylated, is converted into acetyl 
Bavogallol 

The more energetic action of potassium 
hydroxide solution gives jTaro^aKone, CjoHipOn, 
minute needles, which with acetic anhydride 
forms the acetyl compound, C34H24O10 leaflets, 
m p 257-259“ 

VlHien flavogallol is methylated with alkah 
and methyl sulphate and the product is digested 
with 6% potassium hydroxide solution, two 
apparently isomenc acids, CjjHjOtlOMe),^ 
(<t) colouriess prisms, m p 206-208 , and (6), 
m p 238-240°,areobtamed,andtbe8ebothappear 
to be produced by the addition of 3 mol of water 
to flavogallol and subsequent methylation of 
lO hydroxyl groups These acids give dimethyl 
esters of the formula 

CwHj,Oi,(COOMe), 

(a) melting at 128-130“, and (6) at 86-87“ The 
acid, m p 206-208% loses one metho^l group 
by digestion with elcohohe potash at 176“ 
forming the acti CmH^cOjiICOOH)] gbstes 
mg leaflets, m p 163-184“ 

These reactions suggest the presence m 
flavogallol of an ellagio acid nucleus, and 
Bleuler and Perkin (I e ) tentatively suggest the 
formula 



for this colouring matter If this should prove 
Correct, flsvogallomc acid, flavogallone and the 
dlcarboxyho acid, m p 206-208“, will possess 
8tructuies (I), (11) and (III) respectively 


OH HO 



II 


Meol 

Mei 


,COOH MeO{ 


Om< 

D 


OMe OMe 

iOMe MeOj'''''^OMe 
CO- 


HOO< 

in, 


I CO 


lOMe 


5 
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(4) Dehydrogenation of davanone with phos 
phorus pentacMonde gives flavone {Lowenbein, 
»6«ii 1924, 57 [B], 1515) This reaction has 
been applied by Hatton (Bull Chem Soc. 
Japan, 1927, 2, 171) to the synthesis of sub 
stitut^ flavones 

(5) For the synthesis of flavones, Rohemaim 
(Ber 1913, 46, 2188) employed the esters of 
P hydroxyarylcmnamic acids prepared by the 
interaction of esters of phenylpropiohc acid 
with sodium phenolates 

CgHjC CCOOR+NaO CjH, 

=C 4 H 3 C(OCgH 4 ) CNa COOR 
These esters are readilj transformed into the 
free acids, the chlondes of which yield the cor 
respondmg flavones when heated with aluminium 
chlonde Thus, flavone la produced in this 
manner from p phenozycuioanuc acid 



Chloroflavones have been prepared in a | 
einular manner (Ruhemaon, t6(d 1921, 54 (B), 
912) 

(0) von Pechmaon and Duisberg (i6i(f 1883, 
16, 2119) found that condensation of pbenoU 
with p ketonic esters in presence of sulphuric acid 
yielded a pyrone (coumann) denvatives, e 
the preparation of methylcoumann from phenol 
and acetoacetic ester 


908) and Chakravarti (J. Indian Chem 
Soc 1931,8, 129,407,619, 1932,9,25,31,389) 
who show that the reaction is not of general 
apphcation Chakravarti observes that only 
those phenols which react with difficulty or do 
not react at all with p ketonic esters m presence 
of Bolphtmc aad to form coumarms, yield 
chiomones m presence of phosphorus pentoxide 

Jacobson and Ghosh (JCS 1915, 107, 424, 
959, 1051) and Ghosh (iM 1916, 109, 105) 
claimed to have prepar^ benzo-y pyrones by 
condensing phenols with p ketonic esters or 
nitrites m presence of condensmg agents such as 
2 mc chlonde, sulphunc acid, or hydrogen 
chlonde These condensations, however, were 
shown by Baker and Robinson (litd 1925, 127, 
1681} and Baker (i5td 2349) to lead to a pyrone 
denvatives 

Agam, the substance obtained by Meyer (J pr 
Chem 1903, [u], 67, 342) by condensmg benzo 
acetodmitnle with resorcinol in presence of 
hydrogen chlonde, and considered by turn to be 
7 hydroryflavone, was subsequently proved by 
Soon (Ber 1918, 51, 821) to be the isomenc 
7 hydroxy 4 pbenylcoumann 

(7) Simoms and Damschewski (tbtd 1926, 59 
[B], 2914) synthesised chalkones, flavanones 
and flavones by an application of the IViedel 
CntiU reaction Thus, quuol dimethyl ether, 
pbenylpropiolyl chlonde and aluminium chlonde 
m motecukr ’proportions give 2 5 dimetboxy 
phenyl B phenytethinyl ketone This is con 
verted by a farther molecule of alumimom 
chlonde into 2 hydroxy 5 methoxypbenyl P 
chlorostyryl ketone, transformed by sodium 
hydroxide into 6 methoxyflavone 


O OH Eto CO 

HO I Mi 

On the other band, Simonia and co workers 
(i6><i 1913. 46. 2014, 1914, 47, 692, 2229) 
obtamed y pyrone (chromone) denvatives by 
employing phosphorus pentoxide as condensing 
agent Thus, condensation of phenol and 
beazoylacetic ester in this way yields flavone 


^OH HO 


CH 

I 

EtO-CO 


tO 




The Simoms reaction has been examined by 
Robertson and co workers (JC^ 1931, 1253^ 
1877, 2426. 1932. 1180. 1C81, Xatore, 1931, 



(8) Flavone and flavonol denvatives have 
hero synthesised by Robinson and collaboratois 
(JCS 1924, 125, 2192 et »eq) by aroylation 
of enbstituted o hydroxyacetophenones Thus, 
a mixture of resacetophenone, benzoic anhydride 
and sodium benzoate, when heated at ISO-ISS”. 
gives a product from which 7 hydroryflavone is 
obtamed by bjdrolysis It is suggested by 
Baker {tbid 1933, 13S4) that the reaction pro 
ceeds through the following stages (a) estenfi 
cation of the phcnohc hydroxyl group, (6) closure 
to a 2 h} droxyflavanone (I), and (e) loss of a 
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lating the glycoside and comparing the absorp 
tion cut%e of the product with those of the 
acetyl denvativea of the isomeric hydros 
flavones 

The position of the sugar group in davone 
and flavonol glycosides may be determined bj 
hydrolysing the completely methylated ^3 
coside, the point of attacliment of the sngar 
nucleus IS indicated by the position of free 
hydroxyl group in the product Thus, methyla 
tion of myricitnn and hydrolysis of the product 
yields myricetin 5 7 3 4' 5' pentamethyl ether, 
indicating that the rhamnose residue in the 
glycoside is in the 3 position 
Accordmg to Asahina and Inubuse (Ber 1028, 
61 [B], 1646), flavones, flavanones and flavonols 
can be distinguished by their behaviour on 
reduction Thus, the hydroxyflavonols give 
red dyes only with magnesium and hydrochloric 
acid, the hydroTyflavones only with sodium 
amalgam, whereas the hydrox3 flavanones react 
with both acid and alkaline reducing agents 
Shmoda (J Pharm Soc Japan 1028, 48, 35) 
describes the colour reactions of flavone, 
flavanone and flavonol derivatives on reduction 
with magnesium and hydrochlonc acid in 
alcoholic solution Reduction of flavone and 
flavanone derivatives with sodium amalgam 
gives the cofrcsponding aathocyanidins, e g 
acacetm (5 7 dih3drozy 4 methozyflavone) is 
converted into acacetimdm in this manner 
(Asahma, Nakagome and Inubuse, Ber 1020 
62 [BJ. 3016) 

By reducing flavone with titanous chloride at 
the ordinary temperature, Karrer, Yen and I 
Reichstem (Helv Chim Acta, 1030, 13, 1308) | 
obtained a small amount of the ptnacone 

. ,CPh=:CH HC- -CPhX 

o<r Li 

C(OH) C(OH)-C,H, 

Bogert and Marcus (J Amer Chem Soc 
1019, 41, 83) prepared 2', 3' and 4'amino« 
flavones by mtrating flavone and rolucing the 
mixed raononitro flavones 

Diflavone 

This substance was prepared by K3an aod 
0 NeiU (Proc R03 Irish Acad 1016, 32, B, 
48, 167) by interaction of benzaldehyde and di 
acetoresorcinol The resulting dichalkone (111 
R=H) yields the tetrabroniidc on hromination. 



followed by boiling hydrochloric acid, yields di 
benzoylacetoresorcinol dimethyl ether (V) from 


^ ^ CO CH. CO^ 


0 


to CH, ^ 


which diflavone is obtained b3 the action of 
liydnodic acid (Algar and Hanivay, tbid 1934, 
42, B, 9) Hydroxydiflavones are sjTithesised 
m a similar manner 

Employmg the AUenJlobinson method, Wittig 
(Ber 1026. 59 [B], 116) prepared 3 3' dimethyl 
diflavone by benzoylation of 4 6 dipropionyl 
resorcinol and treatment of the product with 
boiling dilute sodium hydroxide solution Di 
flavones have been 83mthesised in a similar 
manner by Gulati and Venkataramau (J C S 
1931, 2376) and Algar, McCarthy and Dick 
(Proc Roy Irish Acad 1933 41, B, 155) 
Dtflaione, pale yellow needles m p 280-281“, 
resembles flavone m its general properties and 
dissolves m concentrated sulphuric acid forming 
a yellow solution which exhibits a brilhant blue 
fluorescence Natural colouring matters of this 
group are at present unknown 

A G P and E J C 
isoFLAVONE Whilst derivatives ot 
flavone (2 phenylchromonej are found wicit 
spread m nature, few derivatives of isoflavoiu 
(3 pbenylchromone) 


i5^-^9'5CH 

^ 1 

CO \5_ 


have, as yet, been isolated frbm natural sources 
Although Finnemore (Phatm J 1910 [iv], 31 
604) had suggested an tsoflavone structure for 
pninetol, obtained from a variety of Pmntis 
bark, it was not until Baker and Robinson 
(JCS 1926, 2713) synthesised methylgemstcm 
(raetbylprufietol dimeth}! ether) that conclusive 
proof was afforded that isoflavone denvatives 
occur m nature 

•soFlavone derivatives have been synthesised 
by Baker and Robinson (I c , JCS 1925, 127, 
1981, 1928,3116, 1929, 152) by the interaction, 
at 170-180®, of derivatives of 2 hydroxyphenyl 
benzyl ketone with a mixture of the anhydride 
and sodium salt of an appropriate carboxylic 
acid, subsecjuently hydrolysing the product 
kor example, 2 4 6 tnh3 droxyphenyl benz3l 
ketone (I), acetic anhydride, and sodium 
acetate 3 leld ultimately 5 7 dih3droxy 2 methyl 



IV. 

and this is converted into dijfaione (IV) by I 
treatment with alcohohc potassium h3it>:^o I 
The tetrabromide of 4 C-dibenz3lidenediaceto 
V resorcinol dimethyl ether (III, when 

? boded with methyl alcoholic sodium methoxide I 
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FLAVONOL Denvatives of flaTonol. 3 
hydrosyflavone 


\6 



(galangm monomethyl ether) (II) is obtained by 
hydrolysis 

I HO/'^OH 

I I JcO CH2(OMe) 

I HO 

! 1 


form an important subdivision of the large group | 
of yelloTT colours derived Xrom davone , 

for the synthesis of flavonol and its denvatives I 
the following general methods have been 
employed I 

Treatment of flavanones with amyl mtnte 
and hydrochloric acid in alcoholic solution | 
yields isonitrosoflavanones and these are con 
verted into flavonols with elimination of | 
hydroxylamine hy boding with dilute acids 
(von Kostanecki and Szabranski, Ber J9(W, 37 i 
2819) 




By treating o hydroxyphenyl styryl ketones 
dissolved m hot alcoholic potassium hydroxide 
with hydrogen peroxide, Algar and Flynn 
(Proc Roy Irish Acad 1934 42B, 1) obtained 
flavonols m good yields Thus o hydroxy 
phenyl 4 methoxystyryl ketone (III) yields 4' 
metboxyflavonol (IV) when treated m this 
manner These authors suggest that the first 



III 


N 



+ NHjOH 



Accordmg to Auwers and Muller {ibid 1908 
41, 4233), flavonols arc produced by heating 
(he dibromides of henzyhdenecoumaranones 
with alcoholic potassium hydroxide The re 
action probably proceeds according to the 
jwibftme 



Bobinsonand hisco workers (J CS 1924 125 
2102. et «eq) have synthesised flavonols by 
aroylation of substituted uj metho^ (or 
u beniojloxy ) o hydroxjacctophenoncs For 
example, a mixture of cu methoxyphloraceto 
. phenone (I) sodium benzoate and benzoic 
anhydride, when heated to I S0°, yields a product 
from which 5 7 ilihjdroxy 3 methoxjflavone 


stage of the oxidation is possibly the formation 
of a transitory ethylene peroxide 


which would probably yield the flavonol by ring 
closure The reaction might olso be explamed 
by assummg the formation of a glycol as inter 
mediate product On the other hand, Oyamada 
(J Chem Soc Japan 2934 55 1256) who 
prepared flavonols m a similar manner, considers 
that the o hj drox} chalkone is first isomerised 
to the flavanone which is then oxidised to the 
flavonol this conclusion la supported by the 
observation that o hydroxychalkone yields 
flavanone with alkali alone, and flavanone is 
converted into flavonol by means of alcoholic 
hydrogen peroxide According to Murakami 
and IriB (Proc Imp Acad Tokyo 1935, II, 
229), o hydroxychalkone m methyl alcohol is 
conrerted by alkah (2A' sodium hydroxide, 
tnethylamine, or dilute aqueous ammonia) and 
hydK^cn peroxide at room temperature into a 
mixture of flavonol and dihydroflavonol, the 
latter being the mam product Flavanone is 
oxidised by these reagents to flavonol 
FVhcrcas Algar and Flynn (2 c ) obtained 
flavonols in very smat! yields by treatmg 5* 
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perties m this respect from quercitrm (quercetin | 
3 rhamnoside) ! 

For an account of the absorption spectra of ; 
flavonola and flavonol glycosides, and of the' 
method of determming the position of the sugar 
group in the latter, see Flavone 

According to Asahma and Inuhuse (Ber 1928, 
61 [B], 1646), fla\ ones, flavanones and Savonols 
can be distinguished by their behaviour on 
reduction (see Flavone) The reduction of a 
flavonol to the corresponding anthocyanidin rras 
first accomplished by WiUstkttcr and Mallison 
(Sitzungsber Preuss Akad Wiss Berlin 1014, 
12, 769) who obtained a very small yield of cyan 
idin chloride by reducing quercetin in methyl 
alcohohc hydrochloric acid with magnesium and 
mercury Interesting also is the fact that 
Freudenberg and KammuUer (Annalen 1927 
451, 209) prepared dl epicatechin pentamethjl 
ether {see Catechu or CcrcH) from quercetin 
pentamethjl ether by catalytic reduction 

Diflavonol 

Algar and Hurley (Proc Roy Irish Acad 
1936, 43B 83) were unsuccessful m their 
attempts to synthesise difiavonol by the 
methods employed by von Kostanecici and 
Szabrafiaki, Auwers and ^fuller, and Robinson 
for the synthesis of flavonob FoUonmg the 
method of Algar and Fljiin, however, dichal 
kones of the type {X , R-C^Hj etc)werecon 
verted into diuavonoU (XI) by treating a eu^ 
pension of the dichalkone in aqueous ^coholic 
sodium hydroxide with hydrogen peroxide in 
the cold 



Dtjlaionol ciystallises from boiling cych 
hexanono in yellow prisms, ra p 323®, and goes 
a brown coloration wuth alcohohc feme chlorule 
I ts j ellow solution in concentrated sulphuric acid 
exhibits a green fluorescence on stiiidmg Dt 
nc€/yWi/atonoI forms colourless nmlles, m p 

A G P and E J C 
FLAVOPHOSPHINE (i ^oI I 1336) 
FLAVOPURPURIN (i \oI I, 224c) 
FLAVORHODIN Fla^orhodin occurs m 
minute quantity, together with several otlicr 
carotenoid pigments, in a species of purple 
bacteria The separation of pigments was 
cfTected by partition and chromafc^raphic 
methods 1 laa orhotlin separates from alcohol 
in yellow crystals pip 111-113®, it is epiphasic 
and exhd its absorption maxima at 5 030, 4,720 
and 4,410i (m carbon disulphide) (Ivarrer and 
6 olm«sen Ilelv Chim \cta 18 1306, 

Kamr Solm«» u nud Koenig thil IW 21, 
451 } 


FLAVOXANTHIN (see CAKOT£^Oll)S) A 
xanthophyll, 040^)5503, obtained from the 
, yellow sepals of the buttercup {Ranunculus acer) 
I in which it occurs m admixture with other 
I xanthophylls and xanthophyll esters Isolation 
of ilavoxanthin was effected by partition and 
chromatographic methods It separates from 
methyl alcohol in golden prisms, m p 184° (vac ), 
[o]2i'+I90® (benzene) Flavoxanthin vras iden 
tiffed as a trihydroxy carotenoid by analysis, 
active hydrogen determination and by its Lght 
absorption properties In ethereal solution 
with 20% hydrochloric acid it gives a pale blue 
coloration (Schunck, Proc Roy Soc 1903 72, 
165 , Karrer and Notthafft, Helv Chim Acta 
1935, 15, 1195, Kuhn and Brockmann, Z, 
physiol Chem 1932, 213 192) 

I M H and I S S 

FLAX V Fibres, Veoetable (this \’ol , 
p 169) 

FLAX WAX Flax fibre is coated with 1 
wax of which 2 5% (on the weight of fibre) can 
be recovered by extraction G-10% of wax can 
be obtained from the “ pouce ’ or dust separated 
from flax fibre m the combing or drawing pro 
cesses (Gibson, Trans Inst Chem Eng 1931) 
The wax is dark green or brown , it has a higher 
melting point (67 3-09 6°C ) and 13 harder than 
beeswax and takes a lugh polish The wax 
contains phytosterol and ceryl alcohol It has 
0 963-0 985 , saponif value 78 4 83 7 
iodine value 21 G-2S$, and acid value 17 5- 
23 8 (IIoQDevman, Pharm J 1926,117) 157) 

FLEITMANN'STEST(ti Vol I 470(.) 

FLEM J NQ I N, A yellow colour 

ing matter present m warns, the resinous powder 
winch covers the seed pods of lUmtnyia eon 
gesta Roxb , it is an orange red crystalline 
powder, mp 171-172°, and on fusion with 
alkali yields salicyhc and acetic acids (A G 
Perkin JCS 1898 73 600) 

FLINT (Fr Sikx, Ger Feuerslem ) A 
native form of silica being a compact massive 
variety of the mineral quartz with some admixed 
|li.ylr.afAd. ■aji/to. hK •givlns, 'n/rft, oJiaJAft 

dony, chert, homstone or jasper, and may be 
banded and marked bLe agate , no sharp line 
of demarcation can bo draivn between these 
several varieties of quartz The term' flint ’is 
commonly limited to the nodular masses found 
in, or derived from, the Chalk formation This 
materia! is of organic origin, being derived from 
the siliceous (opaline) remains of manno 
organisms (sponges with siliceous spicules, 
radiolarta and dtalornacex) deposited on the 
sea floor together with the calcareous remains 
of other organisms which gave rise to the chalk 
itself After deposition, this disseminated sili 
ccous material became segregated into nodules, 
being no doubt redeposited in the colloidal 
condition, and subsequently dehydrated and 
transfomed into the crystalline condition 
Thefactthat nodules of Hint are usii illy arran^t I 
along the bedding planes in the chalk wuiill 
suggest that these layers corrtapond to period* 
when siliceous organisms prcxlomimtcd and 
that the solution and rcdepo^itjoii of the biIk 1 
took plioc contemporaneously in the soft oozt 
On the othvr hand, the occurrence of flint in 
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2W 

BohitioTi cmplojed would be nppro-^imately 
0 001%. more exactly 1 part m feOOOO if the 
xanthate remained m solution 

For research work it is sometimes more con 
aenient to compute the strength of reagents m 
terms of milligrams of reagent per litre of water 
for the gi\en ore water ratio, pulp ratio or pulp 
den«itj used in the test, e y 12 5 mg xantJiato 
per litre m the abo\ e case ith some reagents 
as little as 2 mg pet litre, 1 part in 600,000 is 
used 

From a consideration of the«e quantities it is 
apparent that the flotation process consists of 
floating off jwirticles of mineral attracted to tbo 
surfaces of the bubbles, the air-water interfaces, 
of a froth and not to any buoyanej effect of the 
reagents w hich attach thcmaelvea to th© particles 
“ floated ” 

T1!E PlUNCirLES 

notation depends fundamentally on the I 
tendency of all dry insoluble freshly crushed 
ruinerals, metallic or non metallic, to float when 
placed on the surface of n atcr, i e to adhere to a 
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gas liquid interface In the flotation process i 
the surfaces of bubbles in uatcr or m a froth | 
proTido a more adequate amount of gas bquid 
interface for the collection of minerals than 
would the surface of a flowing stream of water 
This tendency to float results from the fields of 
force, unbalanccil attraction^ which occiirat the 
surfaces of liquids and «oluis in nir, elTecIs of 
surface tension and surface energy, more pre 
ci'^cly the tensions at the gas liquid and gas solid 
interfaces, but, as the solid particles aro at least 
partly wetted, there is a third force, the tension 
at the liquid solid interface to be considered 
The existence of the intcrfacial tensions and 
their rclatiie strengths is shown by the contact 
angle 6 made at the junction of the gn«cous liquid 
and solid phases when drojis of Iiqiiiil arc in 
cqmlihnum on a smooth lionzontal solid surface 
m a gas (Fig 1) or when a bubble of gas n in 
cquihtrium on a similar solid surface in aliqiud 

Uith air, water and a mineral the contact 
angle depends on the nature and state of the 
mineral surface and is n measure of the floata 
bihty of the mineral 

If the solid-liquid Intcrfacial tension is high 
the contact angle will bo Ion. as the K>bd- 


liqnid intcrfacial tension is n measure of the 
tenacity of ad^iesion between the mmcril and 
the mter, the mstabihty of the froth and the 
la^ of iloatability of the mineral m the flotation 
process Conversely a high contact angle 
(Fig 2) results from a low sohd-liqiiid inter 
facial tension and indicates tenacity of adhesion 
hetireen mineral and air, floafabiJity In 
practice there is a certain rang© of contact 
angle, called the hysteresis of th© contact angle, 
which results when a drop of water is dragged 
along a mm6ral surface or the surface is in 
cliQcd This hysteresis is not the true measure 
of floatability 

The froth flotation separation process depends 
(l)onthocnhancenientoffloatabihty m the case 
of minerals it is desired to float off in the air 
water froth produced, and (2) on the reduction 
of floatabihty in the case of minerals it is de«ired 
to sink by rendering them more readily wetted, 
lo s air and and less water repeUant The inter 
fa-'ial tension between tlie mineral to be floated 
and the water has been increased as shown by 
the decrcaserl contact angle In an ore contain 



ing seicrni different sulphide minerals i6 i« 
necessary to collect each mineral separately in as 
pure a state as poaiible because of the demands 
of th© smelter This separation requires an 
accurate control of the wettabihtv or non 
wettability of each mineral m the ore end is now 
generally obtained by the H«e of reagents which 
on dissociation m dilute solutions, yield siiifablo 
polar or polar non polar ions wlucli are sclec 
lively ailsorbctl to the surfaces of the minerals 
it IS desired to float or sink 

How considerable this control mav be h 
well illustrated bv the flotation of coal high m 
ash to remove the ash and the subsequent sink 
mg of th© recovered coal to remove its pyntic 
content by flotation 

The first Titcessary condition for successful 
flotation IS that flocculation must not be nllowcil 
to interfere with the selective attachment of the 
cxiUccted mineral to the air bubbles Sometimes 
it IS necessary to add dcflocculatmg or di* 
perung reagents to the “ pulp ’ {mixtiiro of 
water and crushed ore) to prevent such floecu 
lation 

Sohd-«ohd adsorption of anv gangue con 
stitoenta lo the sajpliidea if is dc«ifcd to float 
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rcagtnls in riii illtr (juintitus TIiir Jii'j betn 
made possible by the more accurate control of 
working conditions, particularly the hydrogen 
ion concentrations Considerable devrlopmcntB 
are to bo eapccted in the use of the newly 
introduced difTercntnl wetting agents which 
facilitate the differential flotation of non 
inetnllic minerals, and also in the uso of reagents 
with adsorbable polar cations 

The choice of reagents m a particular case 
must often bo modified by the consideration of 
patent royalties, stability under local climattc 
conditions, regularity and purity of aupply and, 
of course, cost On the other hand an ox 
tremcly evpensivc oi^'anic reagent suitable for 
some special purpose can sometimes bo obtained 
at a very low price if rct|uired regularly m 
(Quantity 

Inorganic Reagents 

The inorganic reagents in general use are the 
common mineral acids and alkalis used for pulp 
conditioners and gangue modifiers 

Sulphuric acid is the most commonly used 
gangue modifier m acid circuits, but these arc 
seldom employed now for ores unless much fine 
slirac has to bo dealt with Acid circuits are 
eonictimcs used for the flotation of blende from 
a bulk concentrate or of fino ihpnssxl pyrites I 
from an end product I 

Lime 13 used for pulp condiuoning but also! 
as a depressant for iron pyrites Caustic soda 
counteracts previously added oils in differential 
dotation, depresses pyrites, helps sidpbidising 
in the flotation of ovidiscd ores, may depress or 
float blende in different ores and assists m the 
emulsification of oils hodiiim carlionate and 
bicarbonate are used instead of lime with straight 
lead and rmc ores and w itli mixed sulphide ores 
if the sulphide content is high They reaivc 
some p> rites 

Certain salts of the coinrnon metals arc cm 
ployed more particularly as <lc]>rcssante acti 
valors and gangue modifying or wetting agents 
Thus copper eiilphate is used in ibllircntial 
flotation for activating depressed zinc blende, 
pjrites and pyrrhotile, it also accelerates the 
flotation of blende in zme ores Icrroiis mil 
phafe depresses pontes in the presence of 
ilnlcopjritc 

The polysulpliides and sodium sulphide arc 
used as sulpludismg reagents in the treatment of 
oxidised ores of lead and zinc bodiuin sulpbido 
IS also used to activate pyrites, to assist in the 
flotation of tarnished galena and blende and to 
act ns a wetting agent with silicates and non 
mctalhc minerals 

Potassium dioliromatc is used for depressing 
giltua, activating ronrmatifc, » double sulphide 
of iron and zinc, and for activating some copper 
minerals 

Sodium ojaiiuie is used for depressing iron 
pv rites, ns little as i part in a niiUion parts of 
water nn> Ik* efiectivc It is also used for tins 
purpose in conjunction with lime for copper 
ores and, m conjunction with zinc sulphate, for 
d< pressing blende It may lie used alone for 
n 1 oiiditioning lilende ‘todium or potaasium 
l>crnian£:anatc on octiisiomllv used for mis 
pickcl (FeAsS) 


Sodium phosphattH arc uved as wetting agtiils, 
preferably the dihjdrogcii phosphate, and in 
tho treatment of silicate ores and non metallic 
minerals 

Sodium oleate is used for the flotation of 
malo^utc and certain non metallie minerals 
Sodium sihcato is tho most w idely used ganguo 
modifier in alkalmo circuits and has a dc 
flocculating effect on gangue 
Sodium sulphite is used for depressing blende 
and pyntes, as is also sodium thiosulphate 
Hyposulphiirous acid itself is used in Central 
Europe ‘ il/io/ a German reagent advertised 
for this purpose contains polythionates. 

Zinc sulphate, often m con/unctionwithsodi«m 
cyanide, is widely used for depressing blende 
These salts are thought to act as depressants 
by supplying inorganic anions which prevent 
tho collector being adsorbed by some minerals 
but not by others Their utility has to be deter 
mined in practice by careful and systematic 
testing 

Oi^anic Reagents 

These fall into three mam classes the frothers, 
the collectors and tho differential wetting agents, 
the so callctl “ anodic reagents ” 

Irothcrs — By far tho most widely used 
frothers for sulphide ores aro crcsol, cresylic 
iKidpjt ) andpiiitoil L’inc oilis m iniificturcd 
to V inous ilefinitc spccihaitiuiis lor flotation 
l>iir|) 08 cs, It contains terpenes and i inipliors in 
I various proportions Fletol manufactured 
ID Germany is a tcrpeiu alcohol obtained is i 
bj pfcjdiitt m the manufiiturt of camphor 
Eucalyptus oil is also used as a frothcr 
generally when it can bo obtained locally, it also 
has collctting properties 
1 rco crcsols arc said to be present m "Aero 
fioa' 15, ‘ AerojioQt 25 ' and *' Aerojloal SI " 

Tho reagents marketed by tho largest and most 
mfliiential aiantifactiirers of flotation reagents 
in USA aro now mostly sold under mystery 
numbers This does nutchi^o frustrate scientific 
training and compels tho practising metallurgist 
III flotation w ork to resort to the methods of tho 
Dark Ages and employ “ rule of catalogue 
numbera ’ for ‘ rule of thumb ” For oxidised 
ores and non mctalhc minerals certain alcohols 
and alcohol derivatives, and compounds of the 
acids are used 

Tho essential requirement for frothers appears 
to be tho possession of a polar and n non jiolar 
part, a part which repels water and a part vvhich 
hydrates, such as has nlieady been noted in 
cresol The frothing properties of the alcohols 
increase with the length of the carbon chain 
up to about 7 or 8 carbon atoms but decrease 
thereafter Generally speaking in a homo 
logons senes tho middlo members are the best 
frothcra, the higher members l>cing less 
I soluble Sometimes this may bo overeotiiO by 
substituting tho acid suljihatc of tlic alcohol fu^ 
the alcohol itself The use of the many com 
pounds which, according to these ruks, can form 
goodfrot]icre,jsresfrjcfSj by the facts that many 
are not cheap enough and are not effective at 
sufficiently low concentrations. 

Okie acid cm. of the earliest frotJurn ii'^d 
ixianmciitnlly is now only tmploycd com 
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These reagents are solunlo in both polar and 
non polar solvents They are specially recom 
mended as gangiie depressants in the flotation 
of oxidized ores 

Although so much difficulty is met with in the 
treatment of most non metafile minerals, coal 
IS an exception It can be floated very easily 
with light fuel oil, kerosene, or even coke oven 
liquor Turpentine is a poiverful collector and 
good frother for coal Sodium cyanide is used 
to depress the contained iron pvntes In the 
differential flotation of the coking and the non 
coking constituents of a coal, tannin, st'irch, 
glue and also Plater glass have been used as 
protective colloids The low \aiue of the fine 
product permits of the use of onl^ the cheapest 
reagents fgr coal 

Certain rather unexpected reagents have been 
Toundof usein particular cases tg RhodammeB 
an aminophenol derivative, 


^C,H,NEt, 




^CO 

llhodamine C 


for the depression of talc in some ores, quinal 
(line (2 mcthylquinolme, CjHjNMo) a nitrogen 




I IQ 3 

Tins compound a collector of copper pyrites 
and a depressor of blende m cirtam ores, but 
the total number of reagents at oil widelj nsod 
for flotation work isonl) two or three dozen 

Ilotatios Maciiivts 

A flotation maefame should be continaous in 
operation, easj to start up after a temporal^ 


stoppage and free from periodical breakdowns 
It should also provide 

Adequate and adjustable aeration and agita 
tion of the pulp (water and ground ore) 
Adequate sub division or emulsification and 
distribution (contact) of the reagents in the 
pulp 

Adequate but not excessive area for tlie col 
lection and removal of the mineral laden 
froth 

Any machine or apphance which fulfils these 
conditions is satisfactory, hence locally designed 
machmes are often met with in practice Three 
! mam types are favoured, namely mechanical, 

I pnenmatic and cascade machines (Fig 3) 

Flotation Separation Tests 
In carrying out tests on ores it should always 
bo borne in mind that whatever apparatus and 
j set procedure are emplojed, rehable results are 
I not obtainable in some cases, except after sys 
tematic experimentation on a successively larger 
and larger scale On the other hand with many 
ores the results obtained in small scale tests can 
be duplicated in practice without any necessity 
for large scale tests Even m such cases the 
construction of a pilot plant should bo regarded 
as a necesstry preliminary to efficient null 
design end operation 

The factors to be considered in carding out 
flotation tests concern the character of the ore, 
the preparation of the ore for the test, and the 
conditions of the test itself thus 
Character of the Ore 

Presence of colloids or of primary slime 
Presence of soluble salts or of natural acidity 
Proportion of sulphides to ganguc 
Degree of dissemination of the sulpliides 
; Relative hardness of gangue and the valuable 
I minerals 

Components and chemical nature of tbc consti 
tuente of tho gangue 
Flocculating properties of the gangue 
Relative floatabihty of the sulphides 
PrtjtaraUon of the Ore 
Histoiy and rcIiabiJity of the sample 
Kind of crushers 
Method of crushing 
Degree of comminution attained 
Gondtltona of the Test 

Nature and composition of the water used 
Proportion of water to ore 
Proper pulp conditioning 
Rate of feed and proportion of oro in circuit 
Method and degree of classification employ ed 
Addition of reagents before, during or after 
crushing 

Consistency of reagents and time of contact 
Chemical properties of tho reagents used in 
relation lo tho nature of tho circuit acid, 
alkaline or neutral 

Amount of aeration and agitation, bubble size 
Duration of test 
lypo of machine used 

Method of concentration, whether straight, bulk 
or selective 

Skill and experience of the operator 
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The discoverers of fluorenthene erroneously 
a«cribed to it the formula CjsHjj and the 
constitution 

CeHj-CHv 

i ^ >H 

The true constitution was estahhshed bv 
synthesis from ^ 9 fllloren^l propionic aeid 
which was c 3 cli->cti to 4 heto 1 2 3 4*tetrahydro 
fluoranthene This was reduced to tetrahedro 
fluoranthene, which yielded fluoranthene on 
distillation in carbon dioxide over red hot 
litharge on pumice {von Braun Anton and 
Wagner, Ber 1929, 62 [B], 145) 

Reduction with sodium and amyl alcohol, 
or with hydrogen and a nickel catalyst in 
decahn under pressure at 230°, gives tetra 
hydrofliioranthcne, CuHjj mp 74-75“, bp 
203-207“/2 mm , decahydrofluoranthene, 
CjgHjt,, bp 181-183“/12 mm and perbydro 
fluoranthrenc bp )(iS-170°/12 mm 

(von Braun and Manx, iJid 1930 63 [B], 260S) 
Oxidation with chromic acid yields Jluor 
antheMguxnone (3 4), m p 160°, and by fiirtber 
oxidation^uorenone 1 carboxylic acid, m p 192° 
The latter is converted by heating with bme to 
jluorenone, and by fusion with caustic pota«h to 
isodipAenieacid(diphenyl 2 3 dicarboxybcacid) 
Kltration of the hydrocarbon with fuming 
nitric acid melds a truutrodenvative. on 
nitration m glacial acetic acid (here is formed, 
in ea 20®o (purification being wasteful), 
4 nitrofluoranthene, m p 159-100° This may 
be reduced to the amine, which is easily dia 
zotised The duzomum compound coupler with 
fi naphthol to give a deep red azo-dye 
SulphonatioQ and bromioation, under con 
(rolled conditions, yield eimilarly the 4 mono 
dcnTatire5(ron Braun and Alanz, Aunaien, 1031 
468,111, rou Braun and Anton Ber 1034,67 
[B] lOol) 

On the other hand, acylation by the Fnedel 
Crafts method leads to derivatives with (he 
substituent groups mainly m the 12 position, 
and m the 4 position in the ba products Thus 
with. phthaLc dnde and alwoumum c Wonde. 

m carbon disulphide, fluoranthene aields 12 o 
carboxjbenzo^liluoranthene, m p 212° The 
acid chloride of this, heated in tnchlorobeozene, 
c\ ch'Ca to the quinones (I), m p 22S°, red, giving 
a violet vat, and (II), m p 332 °, } ellow, giving a 
blue a at (von Braun 'Manz and Knitz, Annalen, 
1932, 496. 170) 



fluoranthene and it* denvatives have been 
suggested as mtermeebates for djestuffs Its 
ammo denvatiaes mav be condensed with 1 4 
quinones to give pigment dye<=, or intermediates 
of oxazme or sulphur dyestuffs (I G Farbenmd 
A G , B P 40S456 , Amer Chem Ahstr 1934 
28 507S, «e o/«o I G Farbenind A G P 
57)9»3, Amer Clieni Abstr 1913, 27, 4819 
GP 505024, Amer Chem \b-tr 1034.28 
4009) 

FLUORANTHENEQUINONE r horoR 

antheve 

FLUORENE. o Gtp/tcnylenctne/banc, 



was <li*covered bj Berthelot in coni tar (Conipt ) 
rend 1667, 65, 465, Ann C3um Phvs 1867, 
[ivj, 12, 222) Obtamed (1) by passing the 
vapour of diphenylmethane through a red hot 
tube (Graebe, Annalen, 1874, 174, 194, Ber 
1874, 7, 1624), (2) by heating diphenylmethane 
or ^ct/cloheiylmethane with Pt charcoal at 
300 ° (Zelmski, Titz and Gaienlov kaja, i6i<i 
1926 59[Bj,2390) (3) by reduction of fluorenone 
bv beating either with zinc du.t (Fittjg, ttid 
1873, 6 187) or with hy^iodic acid and rwl 
phosphorus to 150-160° (Graebe, ilid 1874, 7, 
162o), (4) by diazotj«mg 2 ammo*diphenyl 
methane and heating the aqueons eolation of 
the diazoninm salt so obtained (Fi-cher and 
Schmidt ibid 1894 28 2787), (5) by heating the 
quiDolme salt of fluorene 9 carboxylic acid to 
160-170* (Staudinger, ih<f l&OG, 89, 3067, 
Vote 1) or the free and to 290° (Debcre, Bull 
:Soc chim 1902, [ujJ, 27, 877) the/uore«9 
j carboxylic acid ma^ be prepaid by condensing 
'ethyl tnchloroicetate with benzene m the 
; presence of alumimum chlonde (Delacre, le) 
Hie high boiling fractions of tar oil, after 
depo iting napbtbalene and anthracene, are 
distilled , the fraction boding between 295® and 
310° contains the greater portion of the fluorene, 
mluch, on fu-ion with caustic potash at 2b0°, is 
converted into a eohd potassium compound 
(Weissgcrber, Ber 1901, 34, 1659), this was 
ongtnally separated nieehamcally liom the 
fu«ed hydrocarbons and the fluorene regenerated 
by treatment with water (G P 124150) The 
«^ium compound, also used in the separation, 
IS obtained by fu«ing the mixture of hvdro 
carbons with codium or sodamide at 110-250° 
(G P 203312) In the presence of aniline or 
other orgamc ba'C", the reaction proceeds more 
smoothly and at a lower temperature (GP 
209432) Recry stallz ation from alcohol and 
' glacial acetic acid and precipitation of the picnc 
acid compound (m p 81°), may be used m the 
purification Lustrous Jammie, mp IlC°,bp 
29t-29o° Sparmgly soluble m cold, readily in 
hot alcohol, readdy soluble in ether, benzene 
and carbon disulphide 

Isomenc diphcnylenemcthanes were described 
hr QimeUey (J 18S0, 37, 703), who obtained 
them ba passing the mixed vapours of benzene 
and toluene through a red hot tube Stereoiso 
menim m S amino dencatiie^ of fluorene bad 



272 


FLUORENE 


subliming at 340°, methyl ester, m p 120“ 
(Fortner, Monatsb 1904, 25, 448) , 4 , m p 175“, 
methylester, m p 64°(Graebeand Aubm,Aimalen, 
1888, 247, 283) Fluorene forms many addition 
compounds, e g with picric acid, m p 81“ , with 
1 3 5 trimtrobenzene, mp 105°, with 246 
trinitrotoluene, m p 85“ 

FLUORENONE, 


This cychc ketone was discovered by A Schmitz 
who heated diphenic acid with its own weight 
of quicklime (Annalen, 1878, 193 117, ef 
Fittig and Oatermayer Annalen, 1873 166,376, 
Kerp, Ber 189C, 29, 228) It is also formed by 
the oxidation of fluorene with chromic acid 
Graebe and Rateanu (Annalen, 1894, 279, 258) 
used sodium dichromate and acetic acid, Fanto 
recommended the addition of sulphuric acid 
(llonatsh 1898 19, 684 c/ J Schmidt and 
B \^agner, Ber 1910 43 1797) It may be 
obtained m almost quantitative jnelda by heat 
mg diphenio acid or anhydride or fluorenone 4 
carboxylic acid at 360° (Huntress, Hershbei^ 
and Clipp, J Amcr Chem Soc 1931 53 2720 
Huntress and ChS* tbid 1933 55 2559) 

The diethyl acetal, 9 9 ^ethoxyfluorene from 
che corresponding dichloro compound and 
alcoholic potash, is hydrolysed to fluorenone 
by acids (Smedley, J C S 1905, 87, 1252) 
Fluorenone separates as yellow ciystaU from 
alcohol, mp 83 5-84°, bp 341 5^/760, it is 
slowly volatile in steam, insoluble m water and 
easily soluble in alcohol and ether The solution 
in concentrated sulphuric acid is bright violet 
(Wishcenus and WaldmuUer, Ber 1908, 41 
3339, other authors say deep reddish violet or 
purple red], it is basic to strong acids (Stobbe 
and Seydel Annalen, 1909, 370, 135), and the 
nitrate, perchlorate and addition products with 
metalhc salts are known 
b luotennue can ho deattucUvely oxidiaed by 
chromic acid mixture, alkaline permanganate 
ovidibos It very slowly to phthahe acid Bistil 
lation ith zinc dust gn es fluorene , it is reduced 
to fluorenyl alcohol by sodium amalgam 
(Barbier, Aim Chim Phys 1876, [v] 7, 504), 
by zinc in glacial acetic acid (Kerp, Ber 1890, 
29, 230) , by zinc dust m alcoholic potash or 
ammoma (Werner and Grob, Ber 1904, 37, 
289o) , by aluminium amalgam in 80% alcohol 
(Cohen, Kee trav chim 1919, 38 119), and, 
by aluminium taopropoxide (Lund, Ber 1937, 
70 [B] 1520) Uith zme dust and acetyl 
chloride m ethereal solution, afl liis diphenylen 
ethylene, diacctovy bis diphenylcnethane 

(tetraphenylenepmaconodiacetnte) and, as chief 
product, tetraphonylenepinacolin are produced 
(Klinger and I^nnes, Bor 1890, 29 2154) 

Since phenanthrenequinone (and its denva 
tiTcs) are eomerted into 9 hydroxyfloorene 9 
carboxy he acid (and its derivatives) by xrannin^ 
with caustic potash solution (Baeyer, Ber 1877, 
10, 125, Anschutz and Schultz, Annalen, 1879, 
196 50, and others) and the acids lose carbon 
dioxide and undergo oxidation on boding xnth 



xvater m presence of air, substitution derivatives 
of flnorenone can be thus prepared (J Schmidt 
and K Bauer, Ber 190o, 38, 3738, ef Huntress 
and Cliff, le , Mascarelh, Gazzetta, 1936, 66, 
843) 

Derivatives of fluorenone may also be ob 
tamed by diazotisation of substituted o ammo 
benzopbenones and subsequent boilmg 3 
Melhoxyfluorenont, m p 99°, is produced in 
good yield by this method (F Ullmann and 
H Bleier, Ber 1902, 35. 4278) 

With bromine or nitric acid, substituent 
group3enterthe2— , 7— and 3- positions msucces 
sum (Schmidt and Bauer, I c , 3760) 1 8 
Dintlrofiuorenone can be obtained starting with 
9 acetammofluorene whilst other substitution 
products can be made from the corresponding 
pbenanthreneqmnone derivatives 
Fluorenone oxime,\CfH^^C NOH.mp 195°, 
IS obtained from fluoienone and hydroxylamme 
(Spieler, Monatsh 1884 5,195, J Schmidt and 
J Soli, Ber 1907, 40, 4258) Its potassium salt 
results from the action of amyl or ethyl nitrite 
on fluorene m presence of ethereal alcohohe 
potassium hydroxide (Wishcenus and Wald 
muUer, Ber 1908, 41, 3335) The potassium 
salt of act 0 nitrofluorene results when ethyl 
nitrate is employed Reduction of the oxime 
gives the tm\ne (Kliegl, Ber 1910, 43, 2494) 

J T H 

FLUORESCEIN, 



the dyestuff obtained by condensing phthaho 
anhydride with resorcinol fBaeyer, Ber 1871,4, 
558, c/USP 1931049) preferably m presence 
of a condensing agent such as zinc cliloride It 
IS of httle value as a textile dye stuff as dyeings 
on silk and wool are very fugitive, its highly 
fluorescent sodium salt is however marketed as 
Vramne More important are its halogenated 
derivatives, particularly the eosmes and ery 
throsines , some of these, such as dichloro 
fluorescein, find apphcation as adsorption 
indicatora (Kolthoff, Louer and Sunde, T Amer 
Chem Soc 1929,51,3273, Bambach and Rider, 
Ind Eng Chem [Anal] 1935, 7, 165) Its 
formation is used es a test for resorcinol and for 
phthahe acid, its fluorescence being still visible 
at a dilution of 1 40 milhon 


FLUORESCENT BLUE Ins Blue, the 
ammonium salt of tetrabromo hvdroxy di 
phenoxazone. 
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commonly employed bemg either molten 
potassium hydrogen fluonde (m p 227“) or the 
molten compound KF, SHF (m p 65“) 

Vanons cells have been developed m recent 
years for the laboratory preparation of fioonne 
Moissans experiments inth KF,3HF were/ol 
lowed up by Lebeau and Damiens (Compt ) 
rend 1925, 181, 917), who employed a mckel 
anode and a cathode of either mckel or copper 
Their method, modified m detail, is descnb^ by 
Cady and Henne m a recent publication 
(Inorgamc Syntheses, Vol I Editor m Chief 
H S Booth BfcGraw HiU Publishing Com 
pany. Ltd 1939) The electrolyte is contained 
in a cylmdncal pot of “ Jlfone? ” metal or steel, 
which serves as the cathode The anode is a 
CO axial cylmder of mckel, supported inside a 
cylmdncal copper diaphragm The electrolyte 
la prepared by the addition of anhj^lrous 
hydrogen fiuonde, which may be obtamed m 
some locahties as a techmcal product, to the 
acid fiuonde KF,HF The optimum operating 
temperature is 73-76“ 

E I Du Pont de Nemours and Co (BP 
425979) have descnbed a cell for the production 
of fluorine by the electrolysis of a nearly 
saturated solution of KF,HF m anhydrous 
hydrogen fiuonde Ibe cell is constructed of 
an alloy steel, and a nickel anode is suc^rted 
mside a perforated steel cylinder freden 
hagen and Exefft (Z Elektrocbem 1929, 35. 
070) recommend the use of an electrolyte with 
1 8 g molecule of hydrogen fiuonde per gram I 
molecule of potassium fiuonde tn a cell 
descnbed by blathers and Stroup (Trans 
Electroehem Soc 1934, 66, 113] the electrolyte 
19 the acid fiuonde of caesium, C8F,2HF, 
which melts at 19“, the cell bemg constructed of 
magnesium 

Ruff and Ascher (Z anorg Chem 1929, 183, 
193) have drawn attention to the possible use 
of cobaltic fiuonde, CoF}, as a source of fiuonne 
This substance, which must be produced linm 
sbalt or cobaltous fiuonde and fluorine, evolves 
uorme when heated aud miyht be found to 
^ord a ready means of generatuig small 
mounts of the gas as required 
Electrolysis of the acid fluonde KF.HF in 
le molten state has been described by a number 
f authors Argo, Mathers, Humiston and 
.nderson (J physical Chem 1919, 23, 340) 
ave used au apparatus constructed of copper, 
nth a carbon anode surrounded by a perforated 
opper diaphragm The electrolyte (KF.HF) 

I maintained m the molten condition at 
25-250* by an external windmg of resistance 
nre Meyer and Sandow (Ber 1021, 54 [BJ 
69) have developed this apparatus further, and 
sake use of a pot of Acbeson graphite as a 
ontaincr for the molten electrolyte This also 
crves as a cathode, the anode bemg constructed, 
■9 before, of carbon Fredenhsgen (Chem 
nd 1929, 22. 107. GP 493873, 1928) also 
ised the acid fluonde KF.HF as eleclndyte 
ogether with a graphite anode The molten 
■lectrolyte may bo held m au electncally heated 
>ot of silver or copper, w^ch served as the 
:athode Jones (J physical Chem 1929, 33 
101) employed a vessel of magnesium, logrther 
nth a carbon anode, while Schumb and Gamble 


|{J Amer Chem Soc 1930, 52, 4302) used monel 
metal for the outer pot In an apparatus de 
Bcnbed by Denbigh and Whytlaw Gray copper 
was used (JSCI 1934, 53, 139T) Dennis, 
Veeder and Rochow (J Amer Chem Soc 1931, 
53, 3233} devised a V shaped cell, constructed 
of heavy copper tubes, brazed at the junction, 
and cairymg graphite electrodes held m bakehte 
plugs Miller and Bigelow (J Amer Chem Soc 
1936, 58, 1585) use a nickel U tube as a contamer 
for the molten acid fluonde This type of cell 
was used m studies on the fluonnation of orgamc 
compounds In a cell descnbed by Bodenstem 
(Cfliem Fabr 1935, 8, 283) the constructional 
matenal is electron metal with welded jomts 
The anode is of graphite and the cathode of 
Oliver Electrolysis is earned out at 250°, and 
I the electrodes are inserted through the bottom 
I of the cell 

There is little mdication m the literature of 
the relative ments of the above cells In all of 
them the use of carbon anodes leads to con 
tammatioD of the fluorme by carbon fluondes 
Swelling of the carbon anodes as a result of the 
formation of the mterstitial compound, carbon 
moDofluonde, is a further source of difficulty 
It IS also essential to operate with anhydrous 
matenals Booth (op eti Vol I, p 137) 
that the high temperature method, usmg KF,H F 
as electrol^e, is to be recommended for ordinary 
laboratory purposes and for intermittent use 
Full deta^ for the construction and operation 
of e high temperature copper cell are given by 
Booth {op at ) A fluormated rubber prepara 
tion for producing a film which protects metal 
parts against fiuonne has been descnbed recently 
(I G Farbemnd , G P 642883) 

Purification of Fluorine— Fiuonne as 
obtamed m Moissan’e apparatus contains small 
quantities of hydrogen fluonde, which may bo 
removed by passage through a copper tube 
cooled to —80% and then through two tubes 
packed with sodium fluonde, whiii is converted 
into the acid salt It is essential to operate 
with an electrolvte which is anhydrous, as 
otherwise the gaa evolved always contains tbe 
oxide FjO When fluorme is prepared with 
I carbon anodes the gas evolved may contain 
I carbon fluondes, as well as ozone, oxygen aud 
I fluorme oxide, which can be separated only by 
a tedious process of fractionation For many 
purposes such, fop example, as the direct 
fluonnation of organic compounds, purification 
of fluorme is not necessary In determining 
phj^ical properties of the element, howerefr 
it 15 essential Passage of the gas through a 
tube cooled m a bath of liqmd air nch m oxygen 
removes impunties other than oxygen, fluorine 
oxide and a trace of carbon tetrafluonde The 
first two of these impurities arise from the 
presence of moisture m the electrolyte or 
apparatus and are normally removed by 
operatmg the cell for a considerable penod 
(Cady and Hildebrand, J Amer Chem Soc 
1930, 62, 3839, see alio Aoyama and Hands, 
Bull Chem Soc Japan, 1937, 12 409,455,458, 
463, 469, 473, 611, 622 The senes of publics 
tions by the Jast mentioned authors gives 
considerable information on the mampulation 
of fiuonne) 
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a part Aoyama and Kanda (Bull Soc Cben> 
Japan, 1937, 12, 621) confirmed that solid 
fluonno reacted explosively with hquidhydrogen, 
but found that such mixtures were stable in 
fine capillaries Jlixtures of the gases were 
stable m old glass vessels, and it was suggested 
that silicon tetrafluoride inhibited reaction 
Amorphous boron inflames in fluorine without 
the apphcation of external heat and forms the 
gaseous fluonde, BF3 Carbon will also bum m 
fluorine, and, in 1890, Moiasan isolated the 
compound CF4 in an impure atate from the 
reaction products Ruff and Keim (Z anoi^ 
Chem 1930, 192, 249) prepared the pure 
tetrafluoride (b p — ISO**) by the same reaction 
and showed that the fluorides CjFj, CjFg and 
probably other members of the series up to 
CjF.j are formed simultaneously It is note 
worthy that the fully fluonnated ethylene 
derivative C2F4 (b p —76 3°) is not formed m 
this reaction, but has been obtained by burning 
a carbon arc in carbon tetrafluoride and 
fractionating the product A solid carbon 
monofluoride (C F)^ is formed when •' }lont " an 
activated carbon, is heated at 280” and 25 ram 
pressure in a stream of fluorine The swelling, 
of carbon anodes used in the electrolytic prepara 
tion of fluorine la due to the formation of the 
solid monofluonde This compound, which has 
an loiuo lattice, decomposes when heated and 
forms a mixture of carbon Suondes, together 
with free carbon 

Silicon burns to the tetrafluoride in a stream 
of fluorine There is no direct reaction between 
fluorine and nitrogen, although nitrogen 
tnfluonde, NFj (b p —119”) has wen obtained 
by Ruff, Fischer and Luft (ihid 1928, 172 417) 
by the electrolysis of fused anhydrous acid 
ammonium fluoride, (N H 4)H Fj in an electrically 
heated copper cell at lis” Unlike nitrogen 
trichloride this compound has a positive beat of 
formation and is comparatively stable Thus, it 
3 unchanged by dry glass, water or dilute 
ilkahs It explodes when mixed with hydrogen 
md sqarked 

Phosphorus and arscnc bum la gaseous 
Quorme forming either the tn or pentafluondes 
Sulphur also bums in fluorine liloissan and 
Lobeau isolated the hexafluoride SF^ (v p 
1 atm at 62”) from the products, and recently 
Denbigh and Wh}tlawGray (JCS 1934, 
1346) isolated a second fluoride of the com 
position SjFio from the less volatile fractions 
of the fluormation products from sulphur It 
13 bebeved that two other sulphur fluorides, 
SFj and SjFj, also exist, but they are not 
formed directly from the elements Selenium 
and tellunum nl<o react very readily with 
fluonne, the final products of reaction being 
the hexafluorides SeFg and TeF^ 

Reaction of Fluorine with Metallic 
Elements — ^Th© reaction of fluonne with the 
metalLc elements is, as a rule, rigorous and 
jields the metalhc fluondes S^ium and 
potassium inflame if exposed to the gas at 
room temperature Calcium and raagnestam 
are attacked at room temperature with great 
evolution of heat Lead is attacked vigoronsly 
in the cold, bur with metals such as mercury, 
alumimum, iron, chromium and manganese 


attack at room temperature is limited to the 
formation of a surface film, and a certain amount 
of external heat must he applied m order to 
obtain forther reaction Bismuth suffers only 
a superficial attack by fluorine, even at a ted 
heat Copper and go'd are likewise attacked 
extensively only at a red heat Silver is 
attacked slowly in the cold at 100® the metal 
becomes covered with a yellow film of the 
anhydrous fluonde At a dull red heat reaction 
occurs with incandescence Osmium bums m 
fluonne when heated above 250®, but palladium, 
indium and ruthenium are attacked only at a 
red heat Platinum is strongly attacked at 
600-600”, reaction being accelerated by the 
presence of hydrogen fluonde 
The majonty of the metalhc compounds of 
fluonne are easily fusible, and when igmfed 
in a current of steam many of them are converted 
into the corresponding oxides, whilst hydro 
fluoric acid is formed The fluorides of silver 
and tm are easily soluble in water, whilst those 
of sodium, potassium andiron are only sparmgly 
soluble They are all decomposed when heated 
m aulphunc acid, with evolution of hydrofluoric 
acid Solutions 0/ the soluble fluondes corrode 
glass, and they give no precipitate with silver 
nitrate, as the fluonde of silver u soluble Lead, 
barium, magnesium and calcium salts produce 
insoluble precipitates Many metalhc fluondes 
combine with bydrofiuono acid to form acid 
fluondes, the most familiar examples of which 
are the acid fluorides of potassium which are 
used ID the electrolytic preparation of the 
element 

Action of Fluonne on Various Inorganic 
Compounds -^Moissan observed that fluonne 
displaces the other halogens from hydrogen 
cblonde, bromide or iodide Hydrogen sulphide 
was also decomposed with inflammation, 
sulphur fluondes and hydrogen fluonde being 
formed Ammonia was found to bum m an 
atmosphere of fluorine to give free nitrogen and 
hydrogen fluonde (Moissan, Ann Chim Phys 
1S9J., fyil,. ZS-.. 24fl), Thicmiil- chlonde was 
converted by fluonne to thionyl fluonde, and 
phosphorus pentoxide was attacked at a dull 
red heat and formed a mixture of phosphorus 
tnfluorido and oxyfiuonde Arsenious oxido 
was also violently attacked, but Moissan, to 
whom these observations are largely due, did 
not isolate the products Ho reported that 
fluonne was without action on the oxides of 
carbon, but according to Humiston (J physical 
Cbem 1919, 23, 672) carbon monoxide is 
decomposed m the presence of active carbon 
with formation of carbon fluondes Phosgene 
reacts with fluonne and Humiston (I e ) eug 
Rested that the product was carbonyl fluonde 
Thiscoinpousd (b p —83®) has been prepared in 
a pure state by Ruff and Miltschitzky (Z anorg 
Cheoi 1934, 221, 164) by passing carbon 
monoxide over silver difluomic, AgF, It was 
found by these authors that carbon monoxide 
and fluonne reacted explosively when sparked 

Dry silica is not attacked by Saonne in the 
cold, nor is dry glass appreciably attacked, 
provided the gas is free from hjdrogen fluoride 
He FMction of fluonno with metallic oxides was 
studied by Moissan (I e ) , the product consists 
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formulffi HF, HjFj and HjFj are 0690S, 
1 3816 and 2 0724, respectively 


Tempera 
ture *0 

Pressure 

mm 

VD 

Air=l 

Uol 

Height 

26 4 

745 

1 773 

51 18 

27 8 

746 

' 1 712 

4942 1 

29 2 

76Q 

1 678 

45 54 

32 0 

743 

1377 

39 74 ' 

33 1 

760 

1 321 

38 12 

33 8 

768 

1 270 

36 66 

36 3 

739 

1 115 

32 20 

38 7 

761 

1021 

29 46 

39 2 

743 

1 002 

28 94 

42 8 

741 

0 910 

26 26 

47 3 

745 

0 823 

23 76 

67 5 

750 

0 737 

2128 

69 4 

746 

0 726 

20 96 

881 

741 

0 713 

20 58 


Gaseous hydrogen fluonde is evidently 
associated, but there is no decisive evidence os 
to the molecular species present It is commonly 
supposed that HjFj is present but the density 
can exceed considerably the value correspondme 
to this formula Simons and Hildebrand (J 
Amer Chem Soc 1924, 46, 2170) consider that 
the vapour is composed of an equilibrium 
mixture of HF and HjFj Fredenhag*" (Z 
anorg Chem 1934, 218 101) showed that the 
vapour density of hydrogen duoride at the 
boding point corresponded with the formula 
(HF)3» This association factor was found to 
be 4 27 at -34* (Frcdenhagen, tbid 1933, 210, 
210 ) 

The vapour pressure curve of Itjdrogcn 
fluoride was examined by Gore (JCS 1869, 
22, 368) Recently Claussen and Hildebrand 
(J Amer Chem Soc 1934, 56, 1820) have 
represented the \apour pressures of HF and 
of Its deuterium analogue in the pressure range 
5-76 cm by the following relationships 

HF log„p(cm )=6 3739-1310 79/T 

DF log,op{cm )=6 2026-126! 10/T 

The boding point is 19 5® and the melting point 
—83® (Simons and Hildebrand, J Amer Chem 
Soc 1924, 46, 2179} The molecular elevation 
of the boiling point is I 90 (rredenhagen and 
Cadenbach, Z pbjsikal Chem 1933, A, 164, 
201) The latent heat of vaporisation is 97 5g 
cal /g (Simons and Bouknight, J Amer Chem 
Soc 1933,55 1458) 

The critical temperature of hjdrogen flnonde 
is 230 2® (Bond and Wdhams, i6«<l 1931, 63,' 
34) The densities and surface tensions of the 
liquid in the ranges —75® to +6® and —80® to 
+ 19®, respectively are given by the relationships 
below, due to Simons and Boukmght (i6ia 
1932, 64. 129) 

d-1-0020 -0 00226251+0 000003I251* 
y-40 7[l-T/,o,,?-’» 

Measurements of the specific heat of the solid 
and liquid have been earned out by Uahmios 
and Jung for the temperature range —175® to 0® 
(Z phvsikal Cheni 1033, B, 21, 317) For 


measurements with gaseous HF, see Clusins 
tbtd 1930, B, 8, 427 

The heat of formation of hydrogen fluoride is 
given by Wartenberg and Schutza''(Z anorg 
Chem 1932, 206 65) as 64 45 kg cal Ruff and 
Meozel (i6ii 1931, 198 375) give 64 0 kg cal 
The heat of dissolution at a dilution of 1 mol 
of HF in 400 mol of HjO is 11,560 g cal 
(Wartenberg and Fitzner, \bid 1926, 161, 
313) 

Aqueous Hydrofluoric Acid — Anhydrous 
liquid hydrogen fluonde is miscible in all 
proportions with water Densities of the 
resulting solutions are tabulated below (Do 
mange, Compt rend 1934, 193, 469} 


Weight *9 4” 

6 06 1 017 

10 1 1035 

20 26 1 072 

29 8 1 108 

39 g 1 149 

63 8 1 205 


Cady and Hildebrand have studied the freezmg 
pomtsoftheseaqueous8olutions(J Amer Chem 
Soc 1930, 62, 3843), and have shown that the 
hydrates HF,HjO, 2HF,H.O and 4HF.HjO 
ate formed A constant boiling mixture is 
formed with water, which boils at JJO 8® under 
a pressure of 732 mm , and contains 38 18% of 
of HF (Muehlberger, J physical Chem 1028, 
32, 1888) Pranschke anS Schwiete have 
recorded the specifio heats of these solutions 
(Z anorg Chem 1935,223,225) Fredenhagen 
and WeUmann (Z pbysikal (3bem 1032, 162i 
454) measured the conductivity of aqueous 
solutions at dilutions of 0 5-10,000 litres, and 
found that the dilution law was not valid even 
at the highest dilution 

Anhydrous Hydrogen Fluonde as a 
Solvent — Although anhydrous hydrogen 
fluonde has a low specific conductivity 
(14xlO-‘ mlio) it 13 capable of dissolving 
numerous inorganib and organic compounds 
and the resulting solutions are in many instances 
good conductors H Fredenhagen (Z anorg 
Chem 1939, 242 23) Jias shown that in addition 
to metallic fluorides, which dissolve with 
dissociation into metalho and fluonde ions, 
alkali metal lodates and perchlorates also 
dissolve in anhydrous hjdrogen fluonde 
without decomposition By means of these 
Bolutions it was possible to precipitate thallous 
perchlorate from a solution of thallous fluonde 
in anhydrous hydrogen fluonde Other per 
chloiutes were also soluble, ns was sodium 
sulphate The latter ^uld be used to pre 
cipitate silver sulphate fFoiq^a solution of silver 
fluonde in hydrogen fluonde Such ionic 
reactions are, however, limited to a few instances, 
and the majonty of morganic compounds 
are decomposed by anhydrous hydrogen 
flnonde 

Certain organic compounds also jield con 
ducting solutions m hydrogen fluonde These 
include substances such as alcohols, ether*, 
ketones, and organic acids, and it is thought 
that the ions in such conducting solutions are 
the fluonde anion and a complex cation formed 
by a combination of the organic molecule with 
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Antiseptic Properties of FJuonne Com- 
pounds — Thompson found that the com 
poimds of finonne, such as hjdroflnonc amd, 
the acid and neutral fiuondes of Bodium, 
potassium and ammonium, are effectiTO aS 
antiseptics Free hydrofluoric aad retards the 
activity of yeast, 6 5 mg per 100 cc of 
sucrose solution arresting fermentation Potas 
Slum flnonde, up to the same strength, however, 
augments It (Effront, Bull Soc chun 1891, [m] 
5, 476) The free acid promotes the activity 
of diastase bj retarding lactic and botync 
fermentations (Effront, tbtd 1891, [lu] 4, 337, 
627, 1892, [m], 6 786), and its appbcation 
m brewing has been suggested (Just, J S C I 
1902, 21, 131) Acid ammomum fiuonde is 
used for disinfecting rubber hose pipes in 
breweries, as it is a powerful antiseptic and does 
hot attack the rubber Fluorides have also been 
used as preservatives for sweet wines and beer, 
but are now illegal {v Food pEESEnvanvES) 
Physiotogical Action of Fluorine and 
Hydrofluoric Acid — Gaseous fluorine has an 
imtant action on the membranes of the eyes, 
nose and respiratory system Its action on the 
skin 13 said by Ruff to resemble that of hydro 
fluonc acid (v m/ro), while the effect of volatile 
fluorides ts also said to be simJar Oaseous or 
aqueous hydrogen fluonde produces painful 
and slow bcahng wounds on contact with the 
skm The action of liquid anhydrous hydrogen 
fluonde is similar, but more vigorous Bums 
produced by hydrofluono acid vapour may be 
treated (as a first aid measure) by the frequent 
application of dreasmgs moistened with eomum 
bicarlmnate solution Fredenhagen and Well 
mann (Angew Chem 1032, 45, 537) recommend 
the appbcation of a paste of magnesium oxide 
and glycerol, or, in severe cases, the eob 
cutaneous injection of 20% aqueous magnesinm 
Bulpbate Inhalation of hydrofluoric acid vapour 
was found to be Bbghtly imtant at co entrations 
as low as 0 016 mg per litre (Bfachle and Kitz 
miller, J Ind Hyg 1935, 17. 223) 

solutions of this acid are prepared by heating 
a mixture of sulphuric acid and fluorspar, sand 
or glass, and passing the evolved eihcon tetra 
fluonde into water The reaction taking place is 
3SiF4+4H,0=2H,SlF,-t-S1(0H), 
Blockage of the silicon tetrafluonde inlet tube 
by gelatmous sihca is avoided by placing 1(8 
end under a layer of mercury and allowing the 
gas to escape into the water from the mercuiy 
surface The water should be at 60-70* The 
gelatinous solution is filtered, and concentrated 
by evaporation at a temperature below 40“ 
Above this temperature the acid itself vaporises 
with the water vapour The acid may be 
prepared by the action of aqueous hydrofluoric 
acid on eihca, or by the decomposition of 
calcium fluosihcate with sulphuric acid 
Pure bydroflaosihcic acid cannot be obtained 
In its aqueous solutions the equilibna H,SIF, 
H^SiF^+SHFand SiF4+2H,0?^4HF+SJ0,| 
ate established Dissociation of the acid I 
according to the first of these equations, take* 
place when attempts are made to concentrate the ' 
acid beyond a certain point A solution con 


taming 13 3% of the free acid may he distilled 
michanged Density measurements with sola 
turns containmg up to 34% of the acid have 
been made by Stolba (J pr Chem 1864, [i], 
90, 193) The density of a 34% solution is 
13162 

Bauer and Glaesner (Ber 1903, 36, 4209) 
have studied the distillation of aqueous solutions 
of the acid Those containing more than 13 3% 
of acid, on evaporation, lose silicon tetrafluonde 
mote rapidly than they lose hydrogen fluoride, 
and hydrolysis of the former produces sihcio 
acid in the distillate The distillate from a 
weaker acid contams free hydrogen fluonde 
The dilute aqueous solutions of the acid are 
strongly hydrolysed Strong aqueous solutions 
of the acid fume strongly, though the acid itself 
does not attack glass 

The salts of hydrofluosihcic acid (the ^tic 
silicates or ailtecfluondea) may be obtamed by 
the action of the aqueous acid on metallic 
oxides or carbonates, or by the action of sihcon 
tetrafluonde on metallic fluondes (see, for 
example, B P 357922, 1931) They are soluble 
m water, except the salts of sodium, potassium 
and bannm, which are very sparingly soluble 
(BaSisFj 1 part m 3 802 of H.O) For 
details of solubilities and methods of analysis, 
see Worthington and Haring, Ind Eng Chem 
[Anal] 1931,3, 7 

riuosihcates are isomorphous with titam 
fluondes and stanmfiuondes They evolve 
silicon tetrafluonde when heated, and when 
treated with concentrated sulpburjc acid the 
free acid is liberated and dissociates into sihcon 
tetraflnoTide and hydrogen fluonde Fluo 
silicates are decomposed by alkali Into a sihcate 
and a fluonde 

Fluosihcates have been employed m hardening 
calcareous stone surfaces They are also applied 
as insecticides and for the preservation of 
timber (c/ Dane, Chim ct Ind 1934,31,1016, 
Fflug, Angew Chem 1932, 45, 697) The 
Suosilicates possess more powerful antiseptic 
pwiptfWiW jffdwrfiSfy 

and fluosihcates are toxic and chrome poisioning 
may resoit from the presence of fluondes in 
dnnkiag water The solutions have only a very 
shgbt alkahne taste The use of sihcofluondcs 
for food preservation is illegal 

For quahtative and quantitative methods of 
analjBiDg fluondes and fluosihcates, v Cnnancai, 
AvatTSia, Vol II, pp 671a, 676a, 695a, 607c, 

““ H J E 

FLUOROCYCLENE, CjjHjg A hydro 
carbon obtamed m 30% yield by heating ace 
naphthene with PbO. at 200“ Crystallises m 
orange yellow rhooiMhedra with violet blue 
fluorescence, m p 396-597® From its reactions 
with bromme and consideration of its absorp 
tion spectra the following formula has been 
propose (Dziewofiaki and Soszko, Ber 1925, 
S8 [BJ. 723) 

H,C,9CHCHC„Hj 

\/ \/ 


/\ /\ 

H,C„ CH CH CijH, 
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A special variety of fluor «par, knorra as 
“ Blue John,” for vhich the Tray Cliff cavern 
near Castleton m Derbyshire has long been 
famous, has been much used for fashionmg 
vases and other small ornamental objects A1 
though occasionally used as a faceted gem stone 
on account of the dehcate colouring, the mmeral 
13 much too soft for wear Beads of fluor spar 
have been found amongst prehistoric remains m 
Korth and South America 

Fluor "par being the only common mineral 
containmg fluorine in large amount (F 48 9%), 
13 used for the preparation of hydrofluoric aad 
and other fluonne compounds It is shghlly 
soluble m hydrochloric acid and m solutions of 
alhah carbonates, and is readily decomposed by 
sulphunc acid even in the cold (on this depends 
its u<e for etching glass, & process in use long 
before the discovery of the element fluorine) 
Bemg almost the only substance not attacked 
by free fluonne, it was used by H 31oissaii m the 
construction of his apparatus for the isolation of- 
this element (p FuroErwE) 

Eeferentts —Special Reports on the Mineral 
Eesources of Great Bntain, Mem Geol Survey, 
1916 vol iv Fluor spar, Imp Min Res Bur 
London, 1921 On the fluor spar deposits of 
Derbyshire, see C B IVedd and G C Drabble, 
Trans Inst Mining Eng 190S 35, 501, on 
those of M’eardale, stt W 31 Egglestone, tom 
Pit 236, a detailed hst of fluor spar localities 
m the north of England 13 given by J M Sweet, 
Mm Mag 1930. 22. 263-204 On American 
deposits, see H F Bain, Bulk U S Geol Surrey, 
1003, no 255, E 0 UlnchandW S T Smith, 
Prof Paper, US GeoL Survey, 1005, no 36, 
H Ries, Economic Geology,” New York, 1010 
On fluorescence and thenno<Iomme«cence H 
Haberlaodt and K. Prabram, Sitznngsber 
Akad W»s Wien, Abt ITa, 1933. 142, 235. 
1034, 143, 151, E Iwase. Sci Papers Inst 
Pbys Chem Res Tokyo, 1933, 22. 233, 1033, 
23, 22, 1334, 23, 153 

L J S 

FLUX A term used in metallurgy for the 
matenal or mixture of matenals used in tbe dry 
a$«aving and smelting of ores for the purpose of 
combining with earthy matenab present and 
removing the«e as a flmd slag, or for combmiog 
with and removing impunties from metaOic 
substances, or for any matenal which is fluid at 
a high temperature and protects metallic bodies 
from oxidation 

All ores contain gangue, either of an acidic 
sihceous) or of a basic character which would 
generally remain unmelted, retain a considerable 
proportion of the metal and foul the furnace if a 
reducing agent were used alone in the treatment 
of the ore In order to remove this gangue, it is 
necessary to add fluxes which will combine with 
It to form a slag fusible at the temperature of 
tbe furnace 

A distinction may be made between the fluxes 
which are used for assaying and those which 
are u«ed on a Urge scale for smelting The 
more important fluxes u«ed in asi,aving are 

Sodiurn Carbonate used for fluimg siheaorj 
quartz vielding easilv fu«ible and flmd aihestes ' 
of the tvpe zNa^O, ySiO^. It also acts as a 
dcsalphuTuing agent and is u«cd for ores con 


taming zme and tm compounds formmg sodium 
zmeate and stannate respectively Sodium bi- 
carbonate, NaHCOj, 13 sometimes employed 
mstead of the carbonate but possesses only one 
half the fluxing power of the latter 
Sodium Hydroxide, NaOH, occasionally 
used instead of scdium carbonate when the 
chaige contams much tm 
Borax, NajB^O-, lOHjO, used either cal 
cmed or as borax glass forms one of the most 
useful fluxes in dry assaymg It melts readily 
and dissolves earthy and metaUic oxides forming 
fusible borates It combines rnth siLceous 
matenab to form a fusible slag which acts as a 
protection against oxidation 
Silica, SiOj IS used in tbe form of sand in the 
case of basic or pyntic charges and reduces 
tbe corrosive action of the ba<es present on the 
crucibles employed 

Fluor-spar, CaFj, is a neutral flux and is 
used especially m the presence of phosphates 
It combines with silica and is a valuable solvent 
for barytes and gypsum 
As refining fluxes the following may be used 
Potassium Nitrate or nitre This is largely 
used as an oxidismg agent as it u decomposed 
on heating and yields a large volume of oxygen 
It IS espcciaUy useful when melfmg gold con 
taminated with such impurities as lead and 
copper 

Ammonium Chloride or sal ammoniac » 
also used in purifying gold as it is decomposed 
by certain metals m a molten state forming 
metalhc chlorides and Lberating ammonia 
The fluxes used m large scale smelting opera 
tioDs are few in number, and it is essential to the 
economic success of a process that the cost of 
slag produciDg matenals should be as low as 
possible An economy is frequently effected by 
using a mixture of ores containing different 
gangue minerab, for example, an ora with a 
sihceous gangue may be mixed in proper proper 
tiOQS with an ore with a basic gangue so that 
DO additional flux is needed In general, the 
character of the fluxes to be us^ must be 
decided by the nature of the ore m such a way 
that the furnace charge shall contam sihceous 
and basic constituents m the proportions re 
quiied to form a fusible silicate containing two 
rmore bases 

Fluxes used on a Urge scale are of three 
classes 

(1) Acidic.— Sihca as quartz, sand, etc 

Natural sihcates Siliceous slags 

(2) Basic — Lime or hmestone IS the most im 

portant, being used in enormous quanti 
ties JD iron smelting Dolomite js abo 
sometimes used as a basic flux in the 
smeltmg of ores of copper, lead, etc 

(3) Neutral. — Fluorspar This is used when 

it IS de«mN3 to increase the fluidity of a 
elag It fluxes sulphates of calcium, 
lead and banum, calcium phosphate, 
Eibca. Sihcates, etc It u frequently 
used in theclectnc furnace manufacture 
of steel 

As a refining flux for metals on a large scale, 
sodium carbonate has become very important 
This IS due to Its jiowerful chemical affinity for 
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Oa these grounds it is easj to explain the fiict | 
that high members of the homologous series of I 
alcohols, acids, etc , are not efficient foammg j 
agents for water These substances hare a' 
greater tendency to colloidal solubility end 
therefore give rise to the formation of homo 
geneons molecular aggregates at the surface I 
layer The lower members, on the other hand, I 
show molecular solubibty but have very lowj 
surface activity The intermediate members 
show the optimum relation between hetero 
geneity of the surface film and surface activity 
This IS illustrated by the values in Table 1 1 
taken from Bartsch (KoUoid Beih 1925, 20, 6) I 


Table I — JlASHirM Foam Rt astut y fob ' 
Homologous S ertvs dt Aqueous Solution 


Solute 

Optimum 

Cone 

Uazimum 
dkiratlan 
of foam 
(seconds) 

Ethyl alcohol 

0 28 

50 

Propyl alcohol 

0 34 

n 0 

isoButyl alcohol 

0 09 

12 0 

isoAmyl alcohol 

0036 

17 0 

tert Amyl alcohol 

0 034 

100 

Eeptyl alcohol 

0 0007 

$0 

Octyl alcohol 

0 0003 

50 

Formic acid 

0 45 

40 

Acetic acid 

0 20 

80 

Propiomc acid 

0 26 

110 

Butjrne acid 

100 

18 0 

Valeno acid 

0 015 

9-0 

Caproic acid 

0 0076 

13 0 

Heptvlio acid 

0 0016 

160 

Capryho acid 

0 00025 

120 

Honyhe acid 

0 00007 

60 


Only those orgamc liquids, such as oleic acid 
and turpentine, which are capable of spreading 
on a water surface act as foaming agents The 
velocity of spreading is not comparable with the 
rate of increase of surface during the formation 
of the foam, and there is therefore no possibility 
of a homogeneous layer being formed 
TnBEE Phase Foams — Sohd substances (such 
as galena, zmc blende, carbon, etc ) which are 
not readily wetted with water and which 
therefore tend to migrate to a watcr/gas mter 
face may be used as foamiog agents for water 
Their foammg power increases with degree of 
dispersion Thus galena of particle size 129- 
200/1 was found by Bartsch (KoUoid Beib 
1925, 20 1) to increase the stability of a foam 
of an aqueous solution of amyl alcohol from 
JS seconds to €0 seconds, whereas galena of 
particle size 60/t increased thf stability to 
several hours IlydrophiLe powders such as 
quartz and feldspar are readily wetted by 
water and are thus incapable of foam stabihsa 
tion 

The stability of three-phase foams is greatly 
increased on the addition of an emulsifying 
agent The optimum concentration of emulsi 
fjmg agent increases with the fineness of 
division of the sohd. Bartsch deduces from 
these observations that a mono or di molecule 


layer of orientated molecules of emulsifying 
agent binds the aqueous solution to the gas and 
to the surface of the sohd This onentated layer 
prevents the displacement of the adsorbed gas 
from the sohd surface by the aqueous solution 
Such foams are therefore built up of flocks of 
gas, liquid, and sohd, bound together by the 
emulsifying agent 

Traube and lueke (v Bartsch, I c , p 47) 
have shown that sohd substances adsorb surface 
active materials more readily from water, tbe 
greater is their contact angle with water, that 
the less readily they are wetted with water 
Thus a measurement of the contact angle of a 
solid agamst water will give a measure of its 
power of stabihsmg foam, all other things being 
equal The same authors showed that the 
fmtming ability of a sohd may be destroyed, if 
ftD insoluble substance is added to the system, 
which wets the sohd phase more readily than 
dciea watet {t g chlorofetm.) 

The STABiLTpy or Foams 

One of the chief difierencea as a general rule 
between foams and emulsions is the much shorter 
life penod of the former Although both systems 
are thermodynamically unstable the emulsion is 
capable of a closer approximation to thermo 
dynamic stability In most disperse systems tbe 
binetic energy of molecules is an important factor 
lA opposition to coalescence In foams, bow 
ever, this factor is negl^ible on account of tbeir 
semi rigid structure (Jn tbe other hand, tbe 
tendency towards a reduction m mtecfacial area 
through tbe agency of surface tension forces is 
far more marked with foams than with stabilised 
emulsions Although electrical forces play a 
part in the stabilisation of all disperse systems, 
tbeurr5la is not so important m the case of foams 
where capiUaiy forces apparently play a larger 
part In consequence of oil these factors it is 
usually necessary to express foam stability in 
seconds Some Jyophilic foams, however, persist 
for hours and, in exceptional cases, for days 
I The following table taken from Plateau, 
1 * Statique exp^nmentole et th^onque des 
: liqoides soumis aux seules forces mol4cuIaircs,” 

1 1873, II, 12, gives the maximum stability 
I observed for foams of different sj'stems 


Table II — ^Maximum Stability of Foasis 
ACCOBDINQ TO PLATEAU 


Substance 

Mailmum 

itabillty 

PistiUed water 

7 seconds 

I«itnc acid 

1 second 

Saturated solution of tar 


taric acid 

142 seconds 

Acetic Bcid 

8 seconds 

Marseille soap 1 

2 hours 

Ilomestic soap i 

90 minutes 

potash tosm soap j 

1 hour 

Saponin solution 

12 hours 

Albumin solution 

Several daj s 

Feme acetate solution 

24 hours 
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stabdising agents This phenomenon has found 
apphcation in flotation practice (c Flotatio’C 
Pbocess) 

Viicosify — Evidence for the influence of fluid 
nscositj upon foam stability is as unconvincing 
as in the case of emulsion stabihty In a senes 
of experiments by Bartsch an attempt was 
made to increase the stabihty of amyl alcohol 
foams by the addition of glycerol and glycol 
The results were negative until concentrations 
of 60% were reached Nevertheless there is a 
general impre«sion that lugh viscosity promotes 
foam stabihty, but quantitative measurements 
are very diflicult owing to the fact that the 
V iscosity of the bodj hqiud may be very diflerent 
from that of the foam lammse Jlany examples 
of increase of foam stabihty due to the addition 
to the sjstem of components of high viscosity 
may be more profitably discussed from tbe 
point of view of modification of tbe properties 
of the interfacial membrane 

Techvical Appucations op Foams 

(1) Beverages — ^Tbe question of providing 
beer with a stable but not too fine grained 
foam IS of great importance in the brewing 
industry The velocity of fermentation is an 
important factor in determining the stabibt} of 
the foam (Freundbeh, “ Knpillarchemie,” 1932, 
2, 828) It IS not certain what con^ituents 
of beer act ns foaming agents , proteins 
(Wmdisch and Bermann, \\och Bniu 1919, 
86. 319, 37. 109, 121, 137, U5, 163) and bop 
re«ms (Emslander, i6id 192C, 43, 418) are tbe 
most probable, but wheat gum and other 
dextrm hWe substances probably increase tbe 
stabihty of the foam by modifying the properties 
of the membrane 

Lemonade and other “ minerals *' mar be 
provided with a smtable foam by tbe addition 
ofOOlg of saponin to 1 htre of liquid 

(2) Fire Extinguishers — For tbe smothering 
of small conflagrations, and espociaUy those 
winch mvolve bummg oil or other organic 
Lquida, devices which project a foam on to tbe 
surface of the burmug material are frequently 
employed Theie generally provido for tbe 
rapid generation of carbon dioxide in the 
pre<ence of a sohd foaming agent It was 
formeilr thought that tbe chemical nature of 
the carbon dioxide was responsible for tbe fire 
quenching properties of the foam Tieichel 
(Chem Ztg 1935, 63, 69) has shown, however, 
that the effect is duo to the foam lamine which 
isolate the burning surface from tbe surrounding 
air , foams of air or even oxygen are equally 
effective {e IhRE Prevevtiov and Extinc 
noN) 

(3) Flofalion of Utnerals — ^This subject is 
dealt with elsewhere in this volume, but a few 
words may bo added here on the connection 
between foam and flotation A quantity of 
finely ground ore is stirred with w ater, a foaming 
agent added and air blown in A foam is formed 
on the surface of the liquid and the hydrophobic 
constituents of the ore are earned to and 
retained at the air/bquid interface, whereas 
the hydrophihe constituents smh as a slodge to 
the Iwttom of the vessel {r section on Three 


Phase Foams) The foaming agents are of two 
types — 

(o) Amy 1 alcohol, cresol, xanthates etc , which 
themselves form tbe foam 

{b) Oleic acid, paraffin oil, naphthylauiine, 
xylidine, etc , which are adsorbed by the 
hydrophobic particles and form “ foam flocks ” 
Such agents are called “ collectors ” Two of 
the most important series of “ collectors ” for 
sulphide minerals are the vaiithates, of general 
ROv 

formula ^C = S andthe“Acroj7oo/s”(Peter 

sen, Kolloid Z 1932, 5S, 121), of formula, 
RO. /OR 

(R is an alkyl group and M 

S-^ \SM 

a metal or other base usually alkab metal) 
These materials, which need only be u«ed in small 
amounts, appear to be bound to the sulphide 
surface by chemical forces There is evidence 
(Lintem and Adam, Trans Famday Soc 1935, 
31. 6C4) that a surface oxidation of tbe ore 
is essential for the chemisorption of these 
“ collectors ” 

(4) Detergent Action of Foams — ^The use of 
foams of soap and other surface active materials 
as detergents, involves a reversed apphcation 
of the flotation process Particles of dust or 
other impurities adhering to a surface, migrate 
to the foam interface if they are hydrophobic, 
when tbe foam is removed the impurities are 
earned with it Emulsification and peptivition 

rocesses are, of cour«e, al'O involved in the 
etergent action of soaps 

(5) LigunJlgas Beaelions in Foam Systems — 
It IS a fact of technical importance that the 
reaction velocity of a gas with a liqiud is 
markedly increased when the reactants form a 
foam system A reactive gas reacts the more 
quickly with a hquid, the &er are the bubbles 
oftbefoam ^ery fine bubbles may be produced 
(Coelm, Z Elektrochem 1023, 29, 1. SOC) by 
forcing tbe gas through a filter whose potential 
IS of the same sign as that of the bubbles 
lor negatively charged bubbles, which are 
formed in the vast majority of cases, clay filters 
are suitable Biesahki (Z angcw Chem 1D2S, 
41, 853. Biesalski, von Kowalski and acker, 
Ber 1930, 63 [B], 1098) rapidly hydrogcni«cd 
many organic compounds in aqueous solution 
by adding saponin to the liquid and blowing a 
stream of hydrogen bubbles through it In a 
similar manner he was successful in completing 
the catalytic reaction of oxygen and hydrogen 
by metal sols at room temperature 

Prevention or Foamino 

It frequently happens m individual processes 
that foams are formed when their presence is 
undesirable In the heat treatment of emulsi 
fied oils, for example, the tendency to foam is 
mconvement. if only for mechanical reasons, 
while foams formed in the coating of paper may 
cause the bath of coating mix to overflow and 
make it diflicult to observe whether the rollers 
are dipping completely into the mix and a paper 
with a heterogeneous surface may be produced 
Other objectionable foams are met with in the 
dehydration of tars and in steam distillation 
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A ron Lingelshejm (Arch Piam 1928, 266, 
218) states that the coloanng matter of th^ 
seeds is found in the pahsade layer of the testa 
and also in the tissues of the embiyo It is a 
flavone denvative and may be identified by the 
reaction of Willstatter and Everest The vrhole 
seed IS employed to avoid the extraction of the 
mucilage and is macerated for 24 hours m a 
moderate quantity of water to obtain a strongly 
tmted solution A bttle magnesium mercury 
amalgam is added to the filter^ solution and, 
with constant shaking and coohng, small quanti 
ties of hydrochloric acid, reanltmg in the redoc 
tion of the flavone to a red colour^ denvative 
TAe Whole Plant — According to analyses by 
D’ Ancona (Landw Versuehs Stat 1899. 61, 
387), the percentage composition of the dry 
matter is 

Protein Pat K free extract Crude fibre Ash 
13-4 3-4 470 306 56 

The percentage composition of the pure ash is 
K,0 N»,0 CiO MiO F«,Oj P,0, SO, SO, C. 
191 76 29 8 10 49 81 4123511 

In composition, fcenugreek resembles cnmson 
clover and it is recommended as a farm crop 
Smce, however, the pecubar flavour of the plant 
u transmitted to both milk and meat, the frader 
IS more suited for working ammals than for 
fattening or nulk production The pecubar 
odour and flavour of the plant is said to be due 
to the oil , It 13 very pronounced m the spnng, 
but becomes less when the plant npeos 

T McL 

rOLlNERIN A glycoside now known to 
be identical with cfeandnn (t \ ot If, 3$6d) 
POOD PRESERVATION Is a subject dts 
cussed m several articles m this Dictionaiy, e g 
Food Pbssebvawvss, Foutostiov. etc, and 
the present article wiU deal briefly with canning 
and gas storage of food 


CAI^a^a a^D BoTTLn-o 

The Srst large scale asccess la botthog feoda 
was due fo Charles Appert (t Bibbography) a 
French chef His idea was to heat the food 
out of contact with air as access of au was con 
eidered to be the cause of putrefaction Stout 
glass bottles nearlj filled with food, already 
partly cooked, were carefully corked and heated 
in a water bath for times depending on the Lind 
of food (Drummond and Wilbrabam, ‘The 
Engbshman’s Food,’ p 376) Canning food, 
however, rather than titling, was destined to 
be a great mdustry, and this was started about 
1813 by Bryan Donkm and John Hall of 
Dartford Ironworks, Kent, who first introdnced 
tinned iron containers 

The canning industry prospered in Austraba 
and the \JSJl where there was surplus beef 
for canning and export to England as a cheap 
food (18C6 onwards) ^e techmeal improve 
menta necessary for the development of the huge 
Amenean mdustry were stimulated by the 
demand for Army supplies during the Amenean 
Civil War (Cniess, Commercial Frnit and 
\ egetable Products,’ 2nd ed , SlcGraw HiD 
Book Co , J»ew \ork, 1939) 


Cana — ^Before 1903, the food was inserted 
through a circular opening m the top of the can, 
a disc or the bd itself, provided with a small vent 
hole, was soldered over the opening and after 
prebminary heating to displace air by steam 
r.big hole was sealed with a drop of solder, the 
can was then ready for processing Among 
other objections to this “ hole and cap ’ tm was 
the possibibty of contaminating the food with 
traces of lead from the solder The “ hole and 
cap ” can is handled twice, as there are two 
periods of heatmg m the sterilising retort (auto 
dave m other industnes) Except for special 
purposes the sanitary or solderiess can is now m 
general use This can is not soldered on any 
inside joint, only the external side seam of the 
can body is soldered The tinplate as purchased 
is nsuaUy coated with one or two coats of a 
stoved lacquer The end pieces are stamped out 
of the same tmplate, flanged, and a rubber seal 
mg composition is run into the flange The 
bottom of the can is affixed m a double seaming 
machine (for details v 0 and T W Jones, 
• Canning Practice and Control, ' Chapman and 
Hall, London, 1937) The bd is attached by a 
similar machine after the filled can has b«n 
heated to expel air or after the air has been 
evacuated during the continuous flow of cans 
on the automatic can bne Bntuh Standard 
No 866—1939, contains a schedule of sizes of 
metal containers for food products for British 
packers m the United Kingdom 
Tinplate — Coatmg sheet iron with tm was a 
secret manufacture m Bohemia and Saxony 
The process was brought to England m 1671 and 
a snccessful manufacture was started in Ponty 
pool about 1720 by John Hanbury (Eaton, Food 
Manufacture, 1930, 14, 48) The base metal of 
the tinplate was formerly wrought iron but is 
DOW Steel The onit quantity of tinplate is the 
base box coDtainmg 112 sheets coated with 0 85- 
3 25 ll» , total weight of tm per box, grades A to 
G each of 28-32 B Q , 14 X 20 m of steel (For 
glass contamers t Bamby, Food Bes 1038, 8, 
240, for substitutes for tinplate v Williams, 
titd S78, ef floare, Joteraat T/o Besearci 
Council, Techn Pubbcations A Ko 30) 

Corrosxim of the steel by acid fruit jmces 
bberates hydrogen which may exert a pressure 
sufficient to bulge the ends of the can, and dis 
coloration of several kinds results from the solu 
tion of iron or tin Traces of dissolved feme 
iron combine with tannins, so that apples may 
be blackened especially after exposure of the 
fruit to air A good vacuum in the tm is a pre 
ventiie measure (Moms and Bryan DSIR 
Food Invest Special Rept Ko 40, 1931, p 70) 
Id a later report the same authors state that 
etrawbemes showed a marked discoloration m 
presence of 2 p p DJ of iron, which with 5 ppjn 
was sufficient to condemn the fruit Dissolved 
tin reacts with the soluble anthocyamn colounng 
matters , Sn, 2 p p m gives a blmsh shade to 
black currants 10 p p m would justify rejection 
(ibid Special Rept Iso 44, 1930 p 60, ^cond 
Rept ‘ Corrosion of the Tinplate Container ’ ) 

It follows that aU/reits containinganthocyaninj 
should be packed m double lacquered cans 
The worst blackening is due to ferrous sulphide , 
the sulphur may be denved from the food, or 



292 


FOOD PRESERVATION. 


juicea V Pulley and Von Loesecke, Ind Eng Analysis of Foods,” D Van Nostrand Co , New 
Chem 1939, 31,1275 YorC 1938, pp 120-143 Spectroscopy has been 

Procisaing (sterilisation) — ^The times and applied to this branch of analysis by Drea for 
temperatnres of processing must be so related milk (J Nutntion, 1934, 8, 229 , 193S, 16, 323) 
that the finished product does not contain living and by Hamson (Food Res 1938, S, I2I) 
micro organisms or their spores (T W Jones, The following references to articles m this 
J S C I preprint 12/4/1940 , 0 Jones, Food, Dictionary and to recent papers in the htera 
1937, 6, 300 , Bigelow, v Bibhography) Parallel ture may be cited 

with investigations of the thermal death Ttn — Adam and Homer, J S C I 1937, 66, 
times of bacteria have been measurements of 33IT Torskil, Amer Chem Abstr 1939, 83, 

the rate of transfer of heat &om the heating 5523 Lepierre, tbid 6929 Bertrand and 

water or steam to the centre of the can, and the Ciurea, Compt rend 1931, 192, 780 Mathiesen 
effect of the of the jmce, an acid reaction and Jakobsen Amer Chem Abstr 1940, 1753 
assistmg stenlisation Ball has published a See also Vol I, 159d, Vol II, 671, 59Ca, 
graphical method of calculating the correct colonmetnc, Vol II, 072, spot test, Vol II, 
time and temperature of processmg from these 5816 

data (Canner, 1927, 64, 27) Nelson and Bern Xead — Wichmann, f c Clifford, Amer Chem 

gan (J Agnc Res 1939, 59, 4C5) consider that Al»tr )938, 82, 5934 Monier Williams, Uin 

complete sterilisation is seldom obtained m Health Rept Pubhc Health Med Subjects, 
canning meats, although no o^amsm may grow No 88, 1938 Cheftel (lead .&om solder), Ann 
for a reasonable time of storage They found Falsif 1939, 32, 406 Microchemical Bensso, 
that teat o^amsms in a No 2 meat can were Mikrochem 1938, 26 221 , Adams, 29 , 

usually killed by 65 xnmutes exposure to 16 lb Mahr, tbid 1039, 26, 07 Ingleson (lead m 

steam pressure (121‘‘G) The test omaniams water supply). Analyst, 1938, 63, 546 Lampitt 
included B Colt, C botuhnitm and Salmonella et al (lead m canned sardines). Analyst, 1933, 
types (e/ Savage, »n/ra) A recent development 58,733 Fee aZro Vol I, 159i, Vol II, 680c, 
has been heating for a shorter time to a higher spot test, Vol II, OOle, volumetnc, Vol II 
temperature than usual, a method studied 601 , colonmetnc, Vol II, 671 , electrolytic, 
especially by Ball (Food Res . 1938, 3, 37, v Vol II, 701 

pp 49-55 for bibliography and patents) Aluminium —Monier Wilhams, Min Health, 

Correct processmg of meat and fish destroys Rept Pubho Health Med Subjects, No 78,1935 
the specific bactena and toxins associated with Laiapitt et al , Analyst, 1932, 57, 418, Lunde, 
food poisoning Researches by Savage and JSC 1, 2937, 56, 334 T See also Vol II, S02, 

others dispelled the popular Idea that tainted 650, volnmetnc, Vol 11, 650, colonmetnc, 

meat (although objectionable) necessarily caused Vol II, 669 , spot test, Vol II, 579 
food poisoning (W Q Savage, ” Canned Foods Copper— Wichmann, le Drabkin, Amer 

in Relation to Health,” Csmbndge University Cbem Abstr 1939, S3, 6969 In tomato pro 
Press, 1923, Lancet, 1939, u, 991, 8 Dixon, ducts Sage and Stevens Analyst, 1038,63, 719 
"Relation of Food to Disease," Inst CSxem Microchemical* Bertrand and L de Saint Rat, 
Lecture, 1932 , Bumford, Bnt Med J 1938, Mikroehim Acta, 1937, 1, 6 e/ von der Heide 
1 , 620) and Hennig, Z Unters Lebensm 1933, 66, 

MetallicContamlnation — Canned food has 341, spot test, Vol 11,680 Lampitt et ol , 
been known to contain metallic salts m objection Analyst, 1935, 60, 376 3ee olso Vol 11, 586, 
able amount, although traces, believed harmless, volnmetnc, Vol 11, 656 , electrolytic, Vol II, 
are common There is an extensive and in 700, colonmetnc, Vol II, G71 

J<r .Sjilkavj? AVjihu} 

for detecting and estimating the metals likely Amer Chem Abstr 1939, 33, 69G9 Canghey 
to occur m food The Bibliography, 1931-33, et al , i^td 1938, 32, 6936 See also Vol II, 
of the Society of Pubhc Analysts should first be 667, 689 , volumetnc, Vol II, 668 , spot test, 
mentioned, and on the expenmental side the Vol II, 681 

collaborative work and the mvestigations of m ** Antimony in Enamelled Eollow-ware 
dividual referees of the Association of Official Monier WUIiams, 5Im Health Rept Public 
Agncoltural Chemists which appear annually Health Med Subjects, No 73, 1934 See also 
in recent years The reports are prefaced by a Vol If, 673, COO , electrolytic, Vol U, 700 
separate discussion by l\ichmann and thus may *' Foluithty of Olazes ana Enamels in CooJnng 
bo readily found in the Joumsl of the Associa Ulenstls ’ — Monier Williams, tbid No 29, 1925 
tion and m the abstract Journals In 1938 and Manganese in Water Supply — MOhlenbach, 
1939 the methods examined were for As Cu, Z Unters Zicbensni 1038, 76, 254 
' , (F) Pb, Hg, Se Bibliographies of single Araenic — ^ichmann 2 c See also Vol I, 

metals are contained in O W Momer Williams’ 470, Vol II, 673, 699, electrolytic, VoL II, 
reports on analytical methods published by the 700 

Ministry of Ileith For metals in food coJonr Bibliography. — Charles Nicholas Appert, 
ing mstensls reference should be made to the "L’Art de Conserver,” Pans 1810, "The 
Reports of the Sub Committee of the Society of Art of Preserving,” London 1811 , “ L’Art de 
Pubho Analysts (ejj Slacara et al , 3td Conserver,” 4th ed. Pans, 1831 J C Drum 

Analyst, 1939, 64 330) The detection of metals mond and Anne Wilbraham, "The English 
is treated in the manuals of food Analysis by man’s Food,” J Cape, London, 1939 W Q 
n E Cox end other authors (c Food I^eser Savage, ” Canned Foods in Relation to Health,” 
vattves) Slention may be made of the chapter Cambndge Umversity Press, 1923 W W 
on metals in food in M B Jacobs' " Chemical Chenoweth, “ Food rreserv^tiOD,” J Viley & 
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by CO2 gas storage, but a consequent dctenora 
tion of flavour sets a bmit to the method (U S 
Dept Agnc Teehn BuU No 318, 1932) Pro 
longed researches have been carried out by the 
Food Investigation Board on the storage of 
fruit in atmospheres differing widely in their 
content of COj, Oj and Ng (v Bibliography for 
summarised account) and the conditions for 
COg gas storage have now been established 
Attention should be called to N C Thornton’s 
researches at the Boyce Thompson Institute, 
Yonkers U S A (w Bibhography) A low per 
centage of CO. retarded respiration and npen 
mg and reduced astringency and acidity , high 
percentages of COg impaired the flavour of all 
the fruit and vegetables tested The span and 
speed of hfe m fruits can now he controlled by 
storage in an atmosphere containing a suitable 
proportion of COg which may be derived from 
the fruit itself, ripemng is thus retarded and the 
life of the fruit lengthened, similar effects are 
produced by the use of atmospheres containing 
much less oxygen than air F Kidd (Proc Roy 
Inst 1935, 28 351) showed that the vapour 
given off from ripe apples produced the same 
effects on seedlings and on unripe apples as air 
containing ethylene The apples showed an 
immediate increase m respiration followed by I 
development of odour, flavour and colour The I 
literature of this subject and of the treatment of ; 
food with ozone is eummansed m the bibho 
graphy , 

BiBUOOiUfHicai. SrruuaBY ! 

Since recent literature on gas storage is far too 
extensive to report in this article, the following , 
eummary of references has been compiled to I 
indicate briefly the contents of the pubbcations I 
or the conclusions reached by their authors 

Atmospheres Enriched with Carbon Di- 
oxide — (I) Storage of Eggs — R B JIaines, 
“ The Storage of Eggs,” D S I R Food Invest 
Spec Kept No 26, 11 M Stationery OfiBce, 
London, 1026 (includes measurement of humidity, 
pp 7-14) , ” Microbiology in the Preservation 
of the lien’s Egg,” tb:d Spec Kept No 47, 
1939, “Preservation and Storage of Eggs,” 
Chem and Ind 1940, 69, 313, 394 T Moran, 
JSCI 1937, 68, 96T T Swenson, “Storage 
of Shell Eggs,” Bull Hygiene, 1939, 14 499, 
Food Res J 938,3,699 P Kidd (B P 397348) 
uses absorbents of COg to control the composi 
tion of the storage atmosphere 

(11) Storage of Meat and Fish — R B Haines, 
"Microbiology in the Preservation of Animal 
Tissues,’ DSIB Food Invest Sped Rept 
No 45, HM Stationery Office, London, 1937 
Pennington (lee and Refng 1939, 96, 235) 
stored meat for 35 days at 29-30*F in 8-10^^ 
COg, the colour was preserved and the develop 
mcnt of moulds and of rancidity preveufed 
Kaess, Angew Chem 1939, 62, 17, a review with 
references T Moran (JSCI 1035, 64 161T) 
describes meat storage iloran. Smith and 
Tomkins (161J 1032. 61, 114T) found that CO, 
inhibited mould growth on meat especially 
at low temperatures Callow (liid I16T), 
oheerved a similar effect on pork and bacon 
Coyne (ifcid 119T, 1933, 52. I9T} employed 


60% COg at 0® for preserving fish and inhi biting 
ba^nal growth Hames (tiud 13T) compared 
the inhibiting effect of 10% and 20% CO, 
Killeffer (Ind Eng Chem 1930, 22 140) found 
that COg was absorbed in the surface layer o 
meat and fish, lowering the and preventing 
bacterial growth Fisk (Food Ind 1936, 8 390, 
446, 488, 571, 602) reviews the storage of meat 
m COg and states that 10-20% is often more 
effective than higher concentrations 

(III) MtlL and Butter — Alekseev et (Amer 
Chem Abstr 1936, 4935) preserved milk and 
butter in COg but reported an acid flavour 
Kidd and Moran {ibid 1938, 32, 7593) state that 
fats become rancid and frmt and vegetables 
brown in atmospheres enriched with CO, the 
remedy would be almost entire exclusion of O, , 
storage m pure N, at 0® doubled the keeping 
quahty of butter 

Marganne — Lundsgaard (B P 468810) claims 
that COg improves the keeping qualities 

(IV) Storage of Fruit and Vegtiahles — C 
Brooks et al (U S Dept Agrio Tech Bull 
No 318, 1932. No 519, 1036) found the rottuig 
of fruit and vegetables was retarded in atmo 
spheres eontaimng 25% or more of CO, but a 
detenoration of flavour Lmited the time of 
storage Zagorjansbl (Amer Chem Abstr 
1934, 1417) oljscrved that CO5 from the 
respiration of the fruit accumulates under the 
paper wrappings in concentrations sufficient to 
inhibit mould growth at 0® V H Blackman 
(Science Progress, 1939, 83, 417) gives a review of 
ihut storage Allen and Smock (Amer Chem 
Abstr 1938, 7162) stored fruit in atmospheres 
containing ^10% CO, and 6-11% O,, the pro 
duction of soluble pectin la thefnut was retarded 
and the period of marketability prolonged 
Thornton (i6id 7162) determined the effect of 
COg storage on the vitamin C contents of some 
unnpe fruits (diminished) and of npe fruits (no 
loss) Eaves (tbtd 1939, 33, 255) found usually 
an increase m pg in the juice of fruits which had 
been stored in CO, High concentrations, 
53 6%, of COg depressed and low concentrations 
6 25% stimulated the CO, output of fruits 
during storage for 5 days Fungal invasion was 
retarded 

According to USP 1798781, fruit and 
vegetables are placed in storage in an atmo- 
sphere of 40% COg dimiQishcd to 15% as the 
temperature falls 

(V) Slraicbemes — Smith (D S I K Food In 
vest Bd Rept 1937, 165) recommends an atmo 
sphere containing 10% CO, and 10% O, main 
tamed at 0® 

(VI) Peaches — ^Tindale et al (Amer Chem 
Abstr 1939, 33, 1828) stored peaches m 8-10% 
COg without improiement as regai;ils fungal 
decay 

(MI) Bartlett Pears — Gerhardt and Ezell 
(B 1938, 842) gave the pears a preliminary 
storage in 20^5% CO, the loss by surface 
scald was reduced 

(VIII) Pears — Kidd and Mest (DSIR 
Food Invest Bd Rept IO37, 93, 101) state that 
pears npen when stored at C0-70®F m an 
atmosphere containing 2 5% O, and 10®^ CO,. 

(1\) Potatoes — Stastny (Amer Chem Abstr 
1939, 33 6466) found that potatoes detenorated 
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containing mucli H jO E W Riesbeck, “ Air 
Conditioning,” 2nd ed , Goodheart^Willcoi Co , 
includes ozonising B Waeser (Cbem Fabnk, 
1939, 129), bibliography includes ozone W H 
Cook (Ice and Cold Storage, 1939, 42, 8) revicsira 
cold storage of fruits and meat m ozonised air 
Scupin (Amer Chem Abstr 1939, 1054), states 
that ozone treatment largely inhibited fungal 
and bacterial growth on food stuffs Kaeas 
(Angew. Chem 1939, 52, 17), a review of ozone 
treatment 

J N G 

FOOD PRESERVATIVES.— In Murray’s 
New English Dictionary, a preservative is a 
“ chemical substance or preparation used to 
preserve things subject to decomposition as 
perishable food stuffs ” , the earhest quotation 
IS, “ Salt 13 not an effectual preservative,” 
C Lucas, Ess Waters, 1756, IT, 36 , and the 
latest IS from the “ Westmmster Gazette,” 3/2, 
23 February, 1898, " a question of great difficulty 
to the pubhc analyst is the mtroduction of 
preservatives into articles of food ” 

In the Public Health (Preservatives, etc , m 
Food) Regulations, 1925 to 1939, Article 2 (1), 
” preservative ” means “ any substance which 
13 capable of inhibiting, retarding or arresting 
the process of fermentation, acidiffcatton or 
other decomposition of food or of maakiog any 
of the evidences of putrefaction , but does not 
include common salt (sodium chloride), saltpetre 
(sodium or potassium mtrate), sugars, lactic acid 
acetic acid or vuegar, glycerme, alcohol or 
potable spirits, herbs, hop extract, spices and 
essential oils used for flavourmg purposes or 
any substance added to food by the process of 
curing known as smoking ’ 

The decompositions and putrefaction above 
mentioned are known from the work of Pasteur 
(1822>95) to be associated with the rapid multi 
phcation of micro organisms i < bacteria, 
moulds and yeasts ^ in the foods or beverages — 
micro organisms which may have been present 
in the raw materials or may have infected the 
food-stuff at any or all stages from preparation 
to consumption Smce hactena or their spores 
are usually abundant m air, water, dust, soil 
and on the hands of wotkeis, almost all food 
stuffs contain hvmg bacteria unless special 
precautions are taken to exclude them How 
ever, the bactena will not multiply in or on a 
suitable medium such as a food stuff unless 
certam conditions are satisfied as regards mois 
ture, temperature, pu, concentration of the 
products of their metabolism and the absence 
beyond small concentrations of antiseptics or 
preservatives (v DisrwEcraNTs) A great part 
of the mcchamsm of the degradation of food 
stuffs IS operated by the enzymes (j v ) secreted 
by the cells, enzymes which attack specific 
components of the foods , the classical instance 
IS yeast rymaae (Buchner, Ber 1S97, 30, 117, 
1110) which ferments sugar The rates of 
CTOwth (multiphcation) of different species of 
bacteria and the velocity of action of different 
enzjmes severally on their respective substrates 
are retarded by chflling or £re«mg, by varying 
the Ph from the mdividoal optimum or 
> For coDTenltnee '•batleria ’ wlU Include jwl» 

SDdtacnld* 


adding preservatives or enzyme poisons Bleyer 
etal (Arch Fharm 1933, 271, 539) studied the 
separate effects of 16 preservatives on 7 common 
enzymes By heating above certam mimmum 
temperatures, ^00° is often sufficient, or by m 
creasu^ the concentration of preservative both 
bacteria and enzymes are destroyed For pre 
cautions necessary for resistant bacteria and 
spores, sea Medical Research Council, “ A System 
of Bacteriology,” Vols IandIX,HM Stationery 
Office, London, 1929-31 An early expenmenter 
on these Imes was D Papin who used steam at 7 
atmospheres pressure for preserving meat, bones, 
etc (‘ A New Digester or Engine for Softenmg 
Bones,” London, 16S1) 

Baelenal Spoilage — Hames (Proc Brit Assoc 
Refng 1936-37, 33, No 1, 134) has classified 
the kmds of spoilage caused by micro organisms 
tables of spoiled foods and of the causative 
bactena are given 

Presirvtng Food — The modem methods of pre 
serving food by cold storage and transport, 
canning, etc , depend on a knowledge of bacterio 
logy, hut the empirical arts of preservmg food 
, are of great antiqmty The earhest methods 
were (I) djymg, m the sun or by artificial heat, 
or (II) curing m wood smoke, (III) picklmg in 
strong bnne, or mtre, (IV) in vinegar or alcohol, 
(V) beating and covering with syrup, (VI) or 
with butter, olive oil or spices (VII) Packing 
in ice, (VIII) or charcoal (J Sinclair, ” Code of 
Health and Longevity,” 1807, I, 431) Roman 
soldiers received a ration of salt pork, or a pay 
ment salanum ~ salt money (hence salary) 
Processes I, III and V depend largely for their 
success on the difference in osmotic pressure 
between the contents of the bacterial cells and 
the concentrated solutions in contact with them 
Water passes outwards through the cell wall 
mto the solution of high osmotic pressure and 
the cells are damaged or killed (plasmolyets) 
(For bactena] counts in dried foods, see Prescott, 
J Bact 1920, 5, 109 ) There are, however, 
species of micrococci which flourish in concen 
tratedsaHE0lutJon3(Petter8son,Arch Hyg 1900, 
37, 171 , Macara, Proc Roy Inst 1937, 39, 657) 

Wood Smoke — Callow (Analyst, 1027, 52, 
391) found formaldehyde in wood smoke and in 
smoked ham Pettet (D S I R Food Investi 
gation Board Report, 1036, 111) estimated 
formaldehyde in wood smoke by Gnitzner’s 
method (^ch Pharm 1696, 234, 634) and total 
aldehydes and ketones by Parkinson and 
Wagner’s lodometnc method (Ind Eng Chem 
[Anal ], 1934, 6, 433) Pettet and Lane (Chem 
and Ind 1940, 59, 258) found formaldehyde, 
acetaldehyde, furfuraldehyde, 6 methylfurfur 
aldehyde, acetone, diacety], methyl and ethyl 
alcohols, phenol, formic and acetic acids m the 
smoke 

The following authors studied the preser 
vative action of wood smoke Serafim el al 
(Hyg Rundschau, 1890, 267) , Valagussa (Ann 
d’lg spenm 1897, 7, 546, Centr Bakt 1892, 
11 . 577) Tillmans, ” Handbuch der Lebens 
mittelchemie,” Berlin, 1033, 1, 1002, attributes 
the preservative effect mamly to surface drying 
but also to penetration to some extent of phenol, 
creosote (creosote (1835), by denration is the 
meat preserver), pyrobgneous acid, formaldehyde 
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test solution with 1 c c aqueous 4% phenyl 
hydrazine hydrochloride, and 3-4 drops of also 
freshly prepared 0 6% sodium nitroprusside 
solution, then made strongly alkahne with a few 
drops of cone NaOH. A blue coloration is 
given by formaldehyde, hmit 1 p p m Acet 
aldehyde, furfurol, benzaldehyde, acetone and 
methyl a’cohol do not react m this way, bone 
acid does not mterfere The mixed reagents 
alone give a red colour Schiyver’s modification 
18 more sensitive (Proe Roy Soc 1910, B, 82, 
226) The reagents added to 10 c c of the test 
solution are 2 c c of freshly prepared and 
filtered 1% phenylhydrazme hydrochlonde, 
then 1 c c of fresh 6% potassium fertu^anide, 
finally 5 c c of cone hydrochloric acid A 
bnlhant magenta colour indicates formaldehyde 
and its intensity gives an mdication of the 
quantity present withm the hnuts 1 10* and 
1 10* Fincke s test (Z Unters Lebensm 
1014, 27, 246) IS earned out with a modified 
Schiff B reagent ivith which acetaldehyde gives 
only a fugitive colour, while furfuraldehyde doea 
not interfere with the relatively permanent 
colour which develops in presence of formalde 
hyde Denigfes’ method (Compt rend 1910, 
150, 629) IS very similar and is operated by 
Elvove (Ind Eng Chem 1917, 9, 295) for 
colorimetric purposes with a reagent prepared 
from anhydrous sodium sulphite 
Dtmedm (6 5 Dimethyldihydroresorcmol) q w 
precipitates formaldimedon crystals, m p 189^, 
even from 0 004% HCHO solutions, a test 
suitable for microchemistry , with a soiutioncon 
taming 0 00005% HCHO, a distmct turbidity 
18 visible after standing 4^ hours (e/ Jonescu 
ti al , Bull Soc Chim 1930, [iv], 47. 1408) 
The corresponding acetaldimedon has m p 139” 
(VorUnder, Z anal Chem 1929,77,321) 
Formaldehyde (/) and HexamethyUneUlramine 
(II) <R Fischer, Z Unters Lebensm 1934, 
67, 171)— -The separation depends on the fact 
that II 18 not appreciably decomposed when an 
alkahne solution of (I) and (II) is cautiously 
warmed on the wateibatb The micro beaker 
contaming the solution is covered with a ehde 
canymg a few crystals of dimedon m a suspended 
water drop, very fine needles (imp 189”) of 
formaldimedon are formed The contents of 
the beaker are evaporated to dryness finally 
over HjSOf in vacuo, 0 5 c c water added and 
the test for (I) with dimedon repeated, this 
should now be negative The liquid is acidified 
with excess of HjS 04 warmed when the 
test now gives a positive result from the (1) 
liberated Finally the liquid is made alkahne 
and warmed beneath a shde carrying a drop of a 
suspension of dinitro a naphthol, the NH, 
formed m the decomposition of (II) reacts to 
form needles, mp '176® (Klein and Steiner, 
JahrbQcher wissensch Dotamk, 1928, 68, 602) 
Sensitivity(I)20^ , 1 100,000with2c c solution, 
with 10 c c in a small flask, 1 250,000 For the 
technique, see R Fischer. Arcbiv Fbarm 1933, 
"71, 466 , ef Kollo and Polychromade, Pbarm 
Zentralh 1032,73,678) (II) may bo detected as 
the ferrocyanide, liehrcns KJey, “ Organische 
Slikrochemiache Analyse,” 2nd ed 1922, p 67 
Dehner's (Tryptophan) Rtaelion (bteratnre 
cited by n Bleyer, “ Kachweis und Bestim 


mung organischer Verbmdungen, Berlm, 1933, 
47) — About 0 1% of peptone, casern or albumen 
or 2 c c fresh milk (free from aldehydes) is 
dissolved m 6 c c of the test solution, to this is 
added 7 c c of 25% H C L contaimng 0 02% 
feme chloride, and the mixture gently boil^ 
for about 30 seconds formaldehyde gives a 
violet coloration (Leonard and Smith, Analyst, 
1899, 24, 86) Heimrod and Levene (Biochem 
Z 1910, 25, 18) mix 1 c c of the origmal solu 
tion with 1 or 2 c c syrupy phosphoric acid 
(d 1 7) 1 drop of a dilute solution of peptone 
(w supra) in phosphoric acid followed by 1 drop 
of 5% FeClg solution Cone HjSOi is then 
poured below the cold solution, when a violet 
zone appears if aldehydes are present If 
Hehnet’s reaction with the same specimen is 
negative, formaldehyde is absent, if both tests 
are positive another aldehyde may be present as 
well as formaldehyde 

Fluorides — ^The manufacture or sale of any 
article of food containing any addition of 
fluorides is an offence under the Preservatives 
m Foods Regulations The 1924 Report of the 
Departmental Committee considered fluorides 
to be among the most objectionable preserva 
lives They are also among the most effec 
tive Gottbrecht found that hydrofluoric acid 
in 0 1% solution prevented putrefaction of meat 
(Tber Monatsb 1889, S, 411) Fluorides were 
formerly added to butter to prevent mould 
growth (Monier Wilhams, “ Food and the Con 
sumer, ’ Inst Cbem Lecture, 1936, 6} Rost 
(14th Internal Congr Hyg 1907, 4, 166) k 
ported that fluorides were cell poisons and 
and specifically harmful for the metabolism of 
bones and teeth It was discovered m 1890 
that cattle fed on the spent grains of German 
distilleries in which Effront’s antiseptic for yeast, 
hydrofluoric acid, bad been used, developed 
brittleness of the bones 

The Chief Illedical Officer of the Ministry of 
Health (Annual Report, 1937) records that the 
presence of fluorine, 2-^ parts per million, in 
water supplies was sufficient to cause ” mottled 
teeth, be remarks that there is no evidence 
that fluonne even in the smallest amount is 
an essential constituent of bones or teeth 
(cf Vo! II, 27c) T von Fellenberg (Mitt 
Lebensm Hyg 1937, 28, 160) found 0 005% in 
milk teeth As a result of this fluorine disease, 
better known in the United States than m 
England, the enamel becomes brown and may 
be d«troyed (A 1937, 364, three references, 
Moiuer Williams, le , Elba and Maynard, 
Amer Chem Abstr 1937, 435) Phosphate 
fertilisers contaming 3-4% F may cause con 
tamination of well water The use of banum 
fluosilicate and of cryolite sprays is suspect, smee 
fruit may retain 3-6 parts F per million (Ministry 
of Health, I c ) (^nebel et al (Z Unters 
Lebensm 1938, 75, 305) analysed apricot pre 
serves which had been the cause of several out 
breaks of fluonne poisomng 

Deteetion (Vol II, 676a, 582a) —The colon 
metnc methods may be employed lanthanum 
acetate detects 0 01 mg FjnlOcc (Mejerand 
Schulz, Z Angew Chem 1925, 38, 203) Zir 
coninm ahzannsulphonate is approximately as 
sensitive (de Coer, Cbem \teekblad, 1024, 21, 
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384) testa for nitrites and nitrates by a eensitxvo 
reaction mtb Safranine AN extra, B or T 
Lactic Acid is not prohibited m Pubhc 
Heal^ (Preservatires, etc , in Food) Begnla 
tions possibly because of its formation by fer 
mentation, of sugar in presence of common salt 
m the manufacture of sauerkraut and other 
pickles Serger and Clarck (Konaerven Ind 
1931, 18, 375) state that lactic acid alone does 
not prevent the gro^rth of moulds As regards 
taste 1 part of acetic acid is equivalent to 1 28 
parts of lactic acid Katz (Bakers’ Weekly, 
1934, 82, 37) added lactic acid to bread dough 
to arrest the development of spores of B 
mesentericus, the organism which causes “ ropi 
ness ” For lactic acid in the manufacture of 
cheese {see Vol II, 526e) According to Roet 
(Atb Reichsgesundli Amt 1917, 50, 405) lactic 
acid IS not more irritant than tartaric and citric 
acids and is a satisfactory addition to food It is 
a natural constituent of fruits, apple (max ) 9 I, 
blackberrv (max) 20 2 mg /lOO g (HiJlig J 
Assoc Off Agtic Chem 1937, 20, 303 , <•/ 
130), Yoghurt contains 2% (Hlazhar el ol 
Chem Ztg 1932, 56, 46), bread about 03% 
wine 0 05-0 6%, beer 0 3-0 8% (Bicker, Deut 
med Woch, 1932, 58, 1562) For uses of lactic 
acid, see Serger and Clarck, K&Ite Ind 1920, 17, 
351 , 1921, 18, 375 Fabian and Wadsworth 
(Food Res 1939. 4, 499, 611. 621) state 
that m pickles the total acidity should be not 
less than 2% as AcOH, of which 2^0% may 
be lactic acid calculated as AcOH Lactic 
acid alone is far inferior to AcOH 
DeUeUon — There are several tests depending 
on colour reactions for acetaldehyde which is 
formed when lactic acid is oxidised Herzog 
(Annalen, 1907, 351, 263) oxidises silver lactate 
With lodme and collects the acetaldehyde 
formed in a little water m a test tube, to this is 
added a few drops of sodium mtroprasside 
solution and pipendine, a blue coloration tom 
ing violet, red and finally yellow, on addition of 

1 drop of NaOH indicates acetaldehyde Form 
aldehyde and furfuraldehyde do not give the 
reaction, mahe acid, however, yields acet 
aldehyde when oxidised 

DeiugJs (Bull Soc Chim 1909, [iv], 6, 647) 
heats 0 2 c c of test solution (less than 2% con 
ccntration) with 2 c c sulphunc acid for 2 
minutes m a water bath, and after coohng adds 

2 drops oi a 6% guaiacol solution in alcohol, 
lactic acid gives a magenta colour, 0 01 mg a 
pink coloration The guaiacol may bo replaced 
by other phenols of which p cresol, 1% solution, 
IS the most sensitive (CapclL, Amcr Chem Abstr 
1926, 3732) For a colour reaction with KCNS 
and H Cl, not discharged by HgClj see Germuth. 
Ind Eng Chem 1927, 19, 852 Fletcher and 
Gowland Hopkins desenbe a colour reaction 
with HjSOj, CUSO4 and thiophen (J Physiol 
1007,35,247, JCS 1907,92.11,373) 

2IieToehemieal —Behrens Klej , " Organisebe 
^Lkrochemische Analyse " (2nd ed , h Voss, 
Leipzig, 1022) recommends the formstiOD of 
cobalt lactate and of cobalt lead lactate, rather 
than zinc lactate Klem and VenzI (Mikro 
chem 1932,11, 73) use the Zn,Cu and Th salts 
Gnebel and Veiss (Z Unters Lebensm 1928, 
56, 16S) oxidise lactic acid to acetaldehyde with 


KMn04 in a micro beaker (Gnebel, i6td 1924, 
47, 438) and add p nitrophenylhydrazine, and 
may be used (Brady and Elsmie, Analyst, 1926, 
51, 77) For ‘ Estimation,” see Smith, Analyst, 
1938, 63, 777 

Benzoic Acid la recorded as a preservative in 
beer worts (E von Meyer and Kolbe, JCS 
1876, 1, 950) about the time of its first large 
scale production from benzotnchloride (Lunge 
and Petn, Ber 1877, 10, 1276) Certainly since 
this date and possibly earher it has been a 
popular preservative Benzoic acid was studied 
by Miquel, and Hehner in 1891 comments 
on its extensive use for preserving foods Be 
stneted amounts of benzoic acid are permitted 
in certain beverages by the Preservatives m 
Foods Regulations (ti tnfra) It has therefore 
been in continuous use for at least 64 years and 
no other synthetic organic preservative may be 
used in Great Britain at the present titae (For 
an account of its antiseptic action, see Dis 
iNFECTANTS, Vol IV, 28) The pharmacology 
of benzoic acid has been thoroughly investigated 
Taken internally it is detoxicated by conjugation 
with glycine to form the harmless excretory 
product htppurtc aetd (for this defensive process, 
see BPC 1934, 16, C R Harmgton, JC8 
1940, 119) The extensive use of benzoic acid 
and sodium benzoate for preserving food in the 
USA led to Wiley’s researches (U 8 Dept 
Agric Bureau of Chem Bull No 84, Pt 4, 
IM8) in which these substances were desenbed 
as injurious Accordingly their use was pro 
hibited by Food Inspection Decision, No 76 
of 13/7/07 However, the opposition of manu 
facturers was followed by tlie issue of F I D 
No 89 which restored their legality pending 
decision by a Referee Board The Board 
reported that m the quantities added to foods, 
so^um benzoate was harmless No attempt 
was mado to reconcile the two opinions, and 
F I D No 104 and 107 both of 1909 permitted 
additions of sodium benzoate to foods (Folin, 
“ Preservatives and other Chemicals in Foods," 
Harvard University Press, 1914) For a review 
of the literature, especially German references, 
see Tillmans Handbucb der Lcbensmittel 
cberme,” 1933, I, 997 J C Krantz (J Assoc 
Off Agnc Chem 1936, 19, 206, Amer J 
Pharm 1936, 108, 252) reports benzoic acid in 
1 900 dilution as effective against moulds and 
bacteria, sodium benzoate even at 1% gave poor 
results in neutral media (Lucas, J Amer hied 
Assoc 1910, 54, 769), even good brands may 
impart a shghtly objectionable fiavour at con 
centrations of 0 05-0 1% (Tressler, Joslyn and 
Marsh. “Fruit and Vegetable Juices," New 
York, 1939, p 35) 

Defection and Bslmalion — (For quahtativo 
tests, see Vol II, 6706) A now method for 
determining benzoic acid and a review of the 
btcrature were published by Monier Wilhams 
(Reports on Public Health and Medical Subjects, 
No 39, 11 hi Stationery Office, 1927, Analyst, 
1927. 52 572) The author describes the steam 
distillation of the fruit etc , immersed in 
eaturated NaCI solution acidified with H,PO,. 
the oxidation of impurities in th© distiUat© witn 
KMnO, and finally extraction with a solvent 
and subliming tbc extract as benzoic acid 


301 


FOOD preservatives. 


wliich is weighed. Mix (J. Assoc. Off. Agrio. 
Chom. 1939, 22, 305) mo^fics the method and 
can recover added 0-05 g. BzONa in control 
experiments to ±0'0076 g. 

Mom'er-Willinms states that Jlohler’s is the 
most sensitive qualitative test (Grossfeld, Z. 
Nahr. Genussin. 1915, 30, 271). A colorimetric 
modification has been devised by lUing, Analyst, 
1932, 57, 244; 1939, 64, 58G), the stages are — 
nitration of benzoic acid to dinitro and re- 
duction to diaminobonzoic acid, addition of 
ammonia and colorimetry of the orange-red 
solution. Another, but Jess deUcato test is 
Jonescu’s (J. Pharni. Chim. 1909, [vi], 29, 523; 
Z. Nahr. Genussm. 1910, 19, 137). This depends 
on the oxidation of benzoic acid to sahc 3 ’lio 
acid. The steam-distillate, from the sample 
immersed in dilute HnSO^, is e.xtracted with 
ether, and the dr^^ extract dissolved in 1 c.c. 
warm water ; 1 drop of 0-3% HjOj and 1 drop 
of FeClg 2-9%, are added and the solution 
then heated in a waterbath. In the absence 
of phenolic bodies and of saccharin, the pro- 
duction of a violet colour indicates benzoic acid. 
Leather (Analj'st, 1931, 56, 299) has described 
a rapid test based on Hink’s method (ibid. 1913, 
38, 555). In one food laboratory' the following 
method has been found convenient ; the benzoic 
acid is separated from the sample by steam dis- 
tillation in presence ofCaCLand HCl (Nicholls, 
ibid. 1933, 58, 4) and extracted from the distil- 
late with ether, the crude benzoic acid after 
purification with KMnO^ is eventually oxidised 
by HjOj to salicylic acid which is determined 
colorimotricaUj' with FeClj (Nicholls, ibid. 
1928, 53, 19) as modified bj' Edwards, Nanji 
and Hassan (ibid. 1937, 62, 172). Gangl and 
Lorenz (Osterr. Chem.-Ztg. 1934, 37, 90, 99) 
precipitate proteins with Carrez reagents 
(K 4 Fe(CN)B and ZnSO^) at alkaline reaction, 
filter, acidUy' the filtrate, shake with dilute 
NaOH and add a solution of KOH in isopropj’l 
alcohol to precipitate BzOK; esters of p- 
hydroxybonzoic acid remain in solution but the 
free acid yields an insoluble K salt. The 
separation is effected by heating to 100° with 5% 
KMn 04 , BzOK is not altered but the hy'droxj' 
acid is decomposed. (For a simpler method 
of extraction, sec Applied Chemistry Reports, 
1925, 10, 536.) 

Benzoic Acid Group of Preservatives. — 
There are no less than eight now wefi-lcnoum 
preservatives and two sweetening agents which 
are soluble in ether and are separable from food- 
stuffs by the methods adopted for benzoic acid. 
(The sweetening agents must be considered here 
owing to their eft'ect on the tests for preser- 
vatives.) The group includes the following 
acids : benzoic, salicjdio, cinnamic, p-hydroxy- 
benzoic, p-chlorobenzoio, o-ohlorobenzoic ; the 
esters: " Nipagin ill,” methjd p-hydroxy'bon- 
zoate ; “ Nipagin A ” the corresponding ethyd 
and “ Nipasol ” the corresponding propyl ester ; 
the sweetening agents saccharin and dulcin 
(g.v.v.). The esters mentioned and their Na 
salts together with the benzyl ester, were 
patented and introduced by SabaUtsohkn (Z. 
angew. Chem. 1929, 42, 936 ; Pharm.-Ztg. 1930, 
75, 454). Sodium p-chlorobenzoate known as 
“ Mikrohin" was recommended for fruit juices 


I (v.d. Hoide et al., Z. Unters. Lebensm. 1927, 53, 
1 487). For other esters, trade names and tests, see 
Jansen, Chem. Weokblad. 1936, 33, 239. 

The tests of T. von Follenberg, et al. (Mitt. 
Lebensm. Hj'g. 1932, 23, 111) distinguished 
between p-hj'droxybonzoic acid and benzoic 
acid, and the esters of the former acid were 
separated from benzoic acid and salicj'lic acid by 
R. Fischer and Staudor (Mikrochem. 1930, 8, 
330). Systematic separations of the 11 sub- 
stances of the “ benzoic acid group ” have been 
described bj' R. Fischer (Z. Unters. Lebensm. 
1934, 67, 161). The method begins with the 
ether solution of the preservatives (obtained b}' 
known means from the food-stuff) which is 
shaken rvith dilute NaOH, only dulcin remains 
in the ether (I). The aqueous laj'er is acidified 
and extracted several times with light petroleum 
(II) which leaves onlj' p-hydroxybenzoio acid 
and saccharin in the aqueous solution from which 
they are removed by extraction with ether (III). 
Each extract after drying with Na^^SO^ is 
evaporated drop by drop in a small dish (diam. 
14 mm. height 4-5 mm. ; cf. R. Fisher et al., 
ibid. 1931, 62, 658). Microsublimations are then 
carried out in a simple modification of the micro- 
melting-point apparatus (Kofler and Hilbck, 
JEkroebem. 1931, 9, 38 ; Fischer, 1933, 13, 123) 
and observations made of the sublimation 
temperatures (S.T.), m.p., extinction with a 
polarising microscope and chemical reactions. 


Exteaot II. 



S.T.cfl. 

"C. 

M.p. 

“C. 

Extinc- 

tion. 

1. Benzoic acid 

55 

121 

II 

2. ‘"‘Nipagin M" . 

3. Ethyl p-hydroxj'- 

70 

allO; 

iS126 


benzoate 

70 

116 

II 

4. “Nipasol” . 

5. 0 - Chlorobenzoic 

70 

97 

II 

acid . 

75 

142 

II 

6. Sahoylic acid . 

80 

157 

— 

7. Cinnamic acid . 

8. p - Chlorobenzoic 

90 

133 

^ II 

acid . 

95 

236 

II 

1 Polymorphic, Amor. Chem. Ahstr. 1939, G274. 

Extract III. 



S.T. ca. 

M.p. 

Extinc- 


°C. 


tion. 

9. p - Hj'droxyben- 

135 

213-214 


zoic acid 

— 

10. Saccharin . 

150 

221 

II 


Extract I. 



S.T.cn. 

M.p. 

Extinc- 


'C. 

” 0 . 

1 tion. 

11. Dulcin . . . 

130 

173 

— 
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If vanillin is present it would interfere and is ! 
removed by sbakmg the onginal ether solation 
With semicarbazide bjdrochlonde and eodium 
acetate The alcohol radicles of the esters are 
identified by saponification, oxidation of the 
alcohol obtained to the aldehyde followed by 
the application of aldehyde reagents, ditnedon, 
m nitrophenylhydrazine and thiosemicarbazide. 

Valencien and Deshusses (Mitt Lebenam Hyg 
l&39,30,88)estimate^e esters bromometncally 
Monier Williams (Report, 1927, 30, 31) points 
out that to some extent saccharin may be 
changed during the analysis into ammonium sul 
phobenzoate, by the action of hot acids The 
alternative extraction of the food stuff with 
NaHCO] avoids this difficulty Sabahtschka 
(ilikrochim Acta, 1937, 2, 111) desenbes an 
alLahne extraction of preservatives from fatty 
food staffs The method of Diemair et al 
(Mikrochem 1938, 25, 247) apphes to meat and 
fish Edwards, Nan^i and Eassan (i e ) rely on 
reactions for identifying p hydroxybenzoic acid 
and Its denvabves, as do Stevenson and Resug 
gan (Analyst, 1938, 63, 162) and P von Auf 
schnaiter (Amer Chem Abstr 1939, 1439) 

The esters are permitted preservatives in 
Norway, Hungary, Jugo Slavia, Roumaiua and 
Germany (SabahtschLa, B 1937,977) , according 
to the same author (Z Tintera Lebensm 1939, 
77, 256) they have anti oxidant properties The 
effective antiseptic concentrations of the esters 
in Turtiamen’s experiments (Zentr Bait I, 
1937, 139, 98) were benzyl ester (“Solbrol Z ”), 

0 002-0 008%, propyl ester, 0 05%, methyl 
ester, 0 25% 

Alcohol (e Alcohol, AtcoHOLouET&\)— If 
methyl alcohol is detected in ethyl alcohol used 
for preserving, the addition of methy Uted spirit 
may be the explanation (for the usual tests, 
some tedious, t lol I, I84<i, 191c) A rapid 
prehminary test is described by Eegnwe 
(Mikrocbim Acta, 1937, 2, 329), to 1 drop of 
40 vol per cent alcohol add successively 1 
drop of 7% phosphoric acid, 1 drop of 5% 
KMn04 and after 1 minute particles of sodium 
bisulphite until the solution is calourless, 4 cc 
H.SO4 (16 10 vol HjO) are now admixed 
followed by a few particles of chromotropic aad, 
the solution is heated to 60° for 10 minutes, 
allowed to cool and observed after 6 minutes 
A violet pink colour indicates formaldehyde and 
hence methyl alcohol, Lmit 3 5^g in a dilution 

1 13 COO Ordinary alcohols and acetaldehyde 
do not interfere, glycerm gives a yellow colour 
with a green fluorescence, sugars give a yeUoir 
colour, the test would be earned ont with a 
distillate It should be mentioned that T von 
Fellenberg found methyl alcohol in Swiss 
hqueurs distilled from fermented frmts (Bioehem 
Z 1918, 85, 45) and Flanzys method (Compt 
rend 1034, 198 94) detects 01% MeOH in 
fermented liquors 

Sugar — The pre«crvative effect of sugar, as 
of salt and saltpetre, is due to the osmotic 
pressure of concentrated solutions This pro 
perty of sugar solutions is well shown m the case 
of yams, which, when boiled to a concentration of 
about "0-72°(, (dependingf on the percentage 
of msoluble matter present), are not susceptible 
to mould growth, provided the jams are in con 


tact with an atmosphere of relative humidity 
not higher than 82% Any deposit of moisture 
on the surface produces locally a less concen 
tiated sugar solation which aUows moulds to 
grow 

Salt, sodium chloride, the osmotic effect of 
a salt solution is much greater than that of a 
sucrose solution of equal concentration owing 
to Its lower molecular weight, 63 4 342 3, and 
dissociation into 10ns When immersed in a salt 
solution the cell wall of the bacillus behaves as a 
semipermeable membrane and the cell is de 
ptiv^ of water when the outer hquid has a 
higher osmotic pressure than the cell contents, 
thus the inhibitory effect is due to partial de 
hydration of the proteins in the bacterial cell 
(Medical Research Council, “ System of Bacteno 
logy,” III, p 83) By this process the growth 
of most bacilh and spores is inhibited, the halo 
phileahave, however, exceptional resistance (For 
examples in practice, set Slacara, 1 1 G62, 677 , 
for history of salt, see C G Gumpel, “ Common 
Salt,” London, 1898, J J Manley, ** Salt and 
other Oindiments,” London, 1884) Although 
salt IS a preservative it may itself be con 
taminated with bactena (illlne, Pharm J 
1938, 140, 81) 

Glycenn is a permitted preservative in the 
Public Health (Preservatives, etc , in Food) 
Regulations Pharmaceutical extracts of glands 
and vacemes, t g calf l^pb, contain consider 
able amounts Diluted it is a component of 
culture media for tubercle and other bacteria 
It tn^ be sterilized by beating for 1 hour to 160° 
Its efficiency as a germicide has been questioned 
by Ruediger (J Amer Med Assoc 1916, 64, 
1629) and by Goodrich (Pharm J 1917,98.453. 
Bnt Med J 1017, 1, 647) I me and Olsen (Ind 
Eng Cbem 1023, 20, 662) state that baked 
cereal products containing 0 5% gly ccrin can be 
stored in a warm chmate without developing a 
” tallowy ’ taint 

Detection — Frehden and Chen Hua Huang 
detect glycerine by concentrating the solution 
at 100° m a micro crucible, crystallised oiahc 
aad IS then added and the crucible heated to 
105° The contents are then mixed with 
saturated alcohoho hydroxylamine hydro 
chloride, rendered alkahne with alcohohe KOH 
and heated to start the reaction, acidified with 
alcoholic HCI and a drop of FeCI, added, a 
violet colour indicates the hjdroxamic acid 
derived from monoformin if glycerin was present 
in the solution, hmit 40jig (Mikrochem 1934, 
15,13) T£ufel and Thaler (Z anal Chem 1933, 
95, 235} have improved the acraldehvde test 
the dried aqueous extract, evaporated with ex 
cess of a paste of hme, is treated with excess of 
absolutealcoholand ether and thedry extract from 
this solvent is distilled with crystallised pbos 

E honc acid The distillate is oxidised with 3% 
ydrogen peroxide and cone hydrochloric acid, 
and the excess of oxidismg agent removed by 
successive treatment with potassium iodide 
followed by sodium thiosulphate The cpi 
bydnnaldehydc formed from any acraldehyd? 
present is then detected by the ro<l colour 
obtained by addition of phloroglucinol in ether 
De/crT7nnotion — Alfend (J Assoc Qff Agnc 
Chem 1932, 15, 331 . Amer Chem Abstr 
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1932, 26, 5352) reports collaborative vork on 
the determination of glycerin in egg products. 
The method previously found successful for 
meat products was unsatisfactory, especially in 
presence of added sucrose, the latter difficulty 
was not entirely overcome in a considerably 
simplified method based partly on the A.O.A.C. 
method for glycerol in vinegar. At one time 
m ilk was liable to contain glycerin added as a 
preservative, 2% was sufficient according to 
Wanklyn and Eassie’s patent. 

Boric Acid. — Boracic acid, H3BO3; borax, 
Na2B4O„10H2O {v. Bohok, Vol. n, 47 and 
49 ; Disdtfectaxts, Vol. R'’, 20). Borax, now 
forbidden, was one of the earhest preservatives 
to be studied. J. Pringle, P.R.S. (Phil. Trans. 
1749-50, 46, 525) made comparative experi- 
ments on the effect of different salts in retarding 
the putrefaction of small pieces of heef im- 
mersed in the solution “ and kept at about the 
degree of human heat.” A 6-2% solution of 
common salt was the standard ; borax was 12 
times more efficient, 5 grains of borax having 
the same effect as 60 grains of salt. According 
to Sieber (J. pr. Chem. 1879, [ii], 19, 433), a 
2% solution of boric acid (300 c.c.) retarded the 
putrefaction of 50 g. minced ox pancreas for 
3 days. Miquel’s experiments (Moniteur Sci. 
1872, [iii], 14, 170) with 1 htre quantities of 
neutralised beef broth to which preservatives 
were added, showed the following additions in 
grams, to be equivalent : hydrogen peroxide, 
0-50 ; salicylio acid, 1-00 ; benzoic acid, 1*10; 
boric acid, 7'50 ; phenol 3, mineral acids 2-3 g. 
Later determinations were more exact, but these 
and similar publications may explain the wide 
use of preservatives from the 1870’s onwards. 

Boric acid preservative was reported in milk, 
and beer by TTirschberg (J.C.S. 1873, 26, 100; 
1876, i, 413). Its use spread to preserving 
cream, meat, sausages, fish, etc., and continued 
to be the subject of numerous papers, analytical 
or pharmacological until the present time ; 
although the practice has been illegal in this 
cmmtry since 1927-28. The Report of the 
Departmental Committee on the tUse of Pre- 
servatives and Colouring Matters in Food, 1901, 
Appendix VI, records analyses made by different 
observers. The maximum percentages of boric 
acid determined in different food-stuffs were : 
milk, 0-91 ; condensed milk , 0-50 ; cream, 0-80 ; 
butter, 1-6 ; margarine 1-0 ; sausages, 1-14 ; ham, 
0-66. Of a total of 4,251 samples comprising 
26 classes of foods, examined in the Government 
Laboratory, 1,247 were preserved with boric 
acid (p. xi). Much of the medical evidence 
before the Departmental Committee of 1901 
lid not condemn the use of boric acid pre- 
servative (Tunnicliffe ei al., ibid. 264, Appendix 
n), although other authorities had already 
considered its presence in food to be objec- 
bionable (Lancet, 1879, i, 70 ; 1886, ii, 1142 ; 
1887, ii, 333, 342, 392). Numerous investi- 
gations showed a cumulative effect of boric 
acid, 50% of a single dose being excreted in 
12 hours but the remainder not entirely in 
18 days (Neumann, Arb. Reichsgesundh.-Amt. 
1903, 19, 89). Other workers {e.g. Rost, ibid. 
19, 1) reported irritant effects of boric acid on 
the digestive tract, confirmed by Wiley (U.S. 
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Dept. Agric. Bureau of Chemistry, Bull. No. 84, 
Pt. 1. Boric Acid and Borax, 1904). 

Boric acid detection and estimation has been 
discussed in Vol. II, pp. 52, 53, and some 
further references for boric acid in food-stuffs 
may now be added. A new microchemical 
test is yohimbine borate (Martini, Mikrochem. 
1939, 26, 221). A. S. Dodd (Analyst, 1927, 52, 
463; 1929, 54, 19, 282, 645, 715; 1930, 55, 
23), who has made a critical study of Thomson’s 
titration method, indicates precautions neces- 
sary in ashing the sample, removing phosphates 
and in avoiding losses of H3BO3 when boiling to 
remove COj. Further work has been carried 
out by Bums Brown {ibid. 1936, 61, 671) and 
by Alcock {ibid. 1937, 62, 522). The apph- 
eation of the method to butter, cider, dried 
fiaiit, eggs, milk and meat paste is to be foimd 
in H. E. Cox, “ Chemical Analysis of Foods,” 
2nd ed., Churchill, London, 1938. Experience 
particularly valuable for the legal aspect is 
recorded in J. F. Liverse^e’s “ Adulteration 
and Analysis of Foods and- Drugs,” ChurchiU, 
London, 1938, and in the 7th edition (revised 
by H. E. Cox) of A. and M. Wynter Blyths’ 
“ Foods,” C. Griffin, London, 1927. For early 
references on the antiseptic properties of boric 
acid and of borax, see Gmelin-Kraut, “ Hand- 
buch der anorganischen Chemie,” article Boron. 

Salicylic Acid {v. Vol. IV, 28d) was 
formerly often added as a preservative to beer, 
jam, wine, mincemeat, etc. ; its use is forbidden 
in this country since 1927. In a concentration 
of 0-l-0-2% it suppresses yeast fermentation 
(Wehmer, Zentr. BaW. II, 1902, 9, 189) and pre- 
serves meat ; mincemeat, however, only for 1 or 
2 days (Kickton, Z. Nahr. Genussm. 1907, 13, 
534). VTien taken internally it becomes con- 
jugated with glycocoll and is excreted as salicy- 
luric acid in the urine (Piccard and Beck, Ber. 
1876, 8, 817). It is more irritating than benzoic 
acid in the digestive tract and the majority of 
medical authorities would disqualify sahcylio 
acid as a preservative, although Christian (Hyg. 
Rimdsch. 1908,. 1321) observed no serious effects 
except with large doses (c/. Wiley U.S. Dept. 
Agric., Bureau of Chemistry, BuU. No. 84, Pt. 2, 
1906). 

The large scale manufacture of synthetic 
salicylic acid began in 1874 ; Kolbe soon after 
discovered its antiseptic properties (J.C.S. 1875, 
28, 460). Muter detectea the addition of the 
acid to milk (Lancet, 1877, i, 105). The same 
Journal approved its addition to beer {ibid. 
1886, ii, 1142). Jliquel {l.c.) found its antiseptic 
effect sh'^htly greater than that of benzoic acid. 
By 1891°0. Hehner considered that sulphurous 
acid and benzoic acid were replacing sah'cylic 
acid (Lancet, 1891, i, 96). In Holland its 
addition to food was already forbidden in 1888. 
In 1901, out of a total of 4,251 samples examined 
in the Government Laboratory, 320 were pre- 
served with salicyhc acid. (Departmental Com- 
mittee on Preservatives Report, 1901, xi.) 
The maximum percentage in jam was 0'12 and in 
British wines 0-21 (i6id. AppendLx VIII, Table L). 

Detection and Determination . — Qualitative re- 
actions are recorded in Vol. II, 5705. Several 
colorimetric methods are based on the reaction 
with ferric chloride. NichoUs (Analyst, 1928, 
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Weihe, Ind Eng Chem [Anal ], 1938, 10, 271, 
who estimate the CD^ evolved on oxidation 
with Hg(OAc)j T von Fellenberg estimatea 
H COOH in the ether residue ()Iitt Lebensm 
1936, 27, 182), Kobzarenko (Amer Chem 
Abatr 1940, 1762) pubLshes a bromometnc 
method 

Anti'OxIdants, e 9 quinol (JSCI 1928,47, 
819), have been found to delay the rancidity of 
fats (j o Wagner el ai Ind Eng Chem 1931, 
23, 40) and the addition of qumol was successful 
with salted hemngs Preiss (Z Unters 
Lebensm 1934, 67, 144) found that steam dis 
filiation of a sample previously acidided and 
mixed with ferric chlonde solution enabled 
quinol to be estimated by lodometrie titration 
of the qumone in the distillate In a review of 
the subject C II Lea (D S I R Food Invest 
Spec Kept No 46, 1938, 174) discusses 
naturally present anti oxidants and also hjdro 
qumone and other reagents which are not per 
missible as additions to food stuSs {see also 
Monier WUbams, " Food and the Consumer/’ 
op ctt ) 

Diacety) and acetylmethylcarbinol occur 
in butter and their presence partly accounts for 
its flavour When, however, these substances 
are additions, their estimation is important (v 
Barmcoat, Analyst, 1936, 60, 653, Scbmalfuss 
and Werner, Z Unters Lebensm 1938, 76, 
113, Wilson, J Assoc Off Agnc Chem 1938, 
2t, 427) Hammer found 0 0002-0 0004% of 
diacetyl u high class butter and about 10 times 
these amounts of the parent substance acetyl 
methylcarbmol (Wmton and Winton, * Stnic 
ture and Composition of Foods,” 1937, III, 
P 166) At a concentration of 0 1 g per L 
diacetyl inhibits the growth of micro organisms 
(Lemoigne and MonguiUon, Ann Falsif 1936, 
28, 278) The amoimt of diacetyl may vary 
from a trace to 0 4 mg per kilo m butter samples 
from the same source (Amer Chem Abstr >1^9, 
2234) . 

NATUBAL OCCUBKEVCE of PBESERVATIVEa 
IN Large Tiuces 

The hlinistry of Health (Circular 806 of 
29/6/1027) notified local authorities that traces 
of some of the prohibited preservatives and 
colounng matters are normal constituents in 
traces in some foods, e g boric and benzoic acids, 
also copper m peas, such traces are less than the 
quantities for effective preservation or colounng 
(Mimatry of Health, Ann Kept Chief Med 
Officer, 1926, p 200) 

A C Chapman (Analyst, 1927. 52, 216) 
obtamed substances giving the reactions of 
formaldehyde and of benzoic acid from heated 
sugar Dill and Gark’s (J Assoc Off Agnc 
Chem 1026, 9 117) tests indicated 001% 
formaldehyde in some canned cnistacea Tests 
on salt hug indicated formaldehyde, 4S0 ppm. 
by Schrjwet’s method although none bad been 
added in curing the fish (Reay, Analyst, 1936, 
61. 78) 

Mattick (Anal^-st. 1930, 55, 37) exammed 
numerous samples of stenbsed milk which gave 
positive tests for p crcsol, bebeved to bo doe to 
• llansma and Kniphorst (Chem 


Weekblad, 1932, 29, 140, 205) tested extracts 
of ije bread which gavp a positive reaction for 
salu^lic acid The coloration is attributed to 
3 hydroxy y pyrone derivatives, formed dunng 
bal^g 

Foreign Subslanees in Foods are discussed by 
Hughes (Chem and Ind 1935, 54, 746) , those 
which have been detected at different times 
include benzoyl peroxide (t Vol II, 81c), 
persulphates, lodaies, bromates and sodium 
phosphate, the first four substances are not 
among the permitted preservatives For their 
bleaching action and for the motive for adding 
sodium phosphate the ongmal paper should be 
consulted Drummond (Chem and Ind 1935, 
54, 744) discriminates permissible from un 
juatifiable additions to food 

For a long penod chemical preservatives vere 
added to food stuffs with httle risk of detection 
or prosecution With his daily meals an Eng 
bsbman frequently swallowed more than one 
preservative The commonest were bone acid 
and borax milk, sausages and meat , sahcylic 
acid or sulphites m beer, meat and jam , form 
aldehyde m milk and cream | benzoic and 
salicybe acids in sauces and beverages Dis 
regarding tbe traditional salt, sugar, etc , the 
general use of chemical preservatives which 
began about 1876 followed closely tbe first large 
scale manufacture of formaldehyde, benzoic and 
sabeybe acids Bono acid was available from 
Tuscany since 1807, and its preservative effects 
were known even earlier (p 303a) 

Popular imagination had been impressed by 
Pasteur's discovery (1863) that bactena were 
tbe cause of putrefaction and by Lister’s success 
ful use of antiseptics m surgery (1867) In 
addition to a general if imperfect knowledge of 
’ germs ” there was a widespread belief that 
food which had an unpleasant smell could 
or^^ate an epidemic At the same time cheap 
chemicals were available which, m smau 
amounts, could be mixed \vith food without the 
knowledge of the consumer, with the result 
that signs of decomposition of the food were 
I not apparent for several days These were the 
^reasons that convuiced the manufacturers or 
distnbutors of foods that the addition of pre 
servatives was m the public interest as it cer 
tainly was to their own profit (c/ Drummond and 
Wilbraham, “ The Enghsbman’s Food,” London, 
1939, p 386, Savage, “ Food and the Public 
Health,” London, 1919, p 122) The gross care 
lessness m the collection, preparation, transport, 
distnbution and handlmg of food stuffs under 
dirty conditions which persisted up to quite 
recent times (Local Government Board Report 
of Inspectors of Foods, 1918-19, pp 8, 9, ” very 
large number of smaller factories con 
ditions unsatisfactory m the extreme ”) was the 
raose of heavy bacterial infection of tbe food 
The use of preservatives postponed investigation 
of the antecedent conditions and probably saved 
quantities of food from being thrown awaj The 
effect of preservatives on bodily health was 
studied later In the ’CDs of the past century, 
sulphurous acid or a sulphite was the chief 
chemical preservatives as shown by the work 
of the Fo^ Committee of the Society of Arts, 
eg tn Dewar’s process (J. Soc Arts, 1867-68, 
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16, 489), meat after immersion in B.P. sulphurous 
acid for 6 hours was dried below 140°F. Med- 
lock {ibid. p. 52) injected carcases with calcium 
bisrdphite. Reference works such as Watts, 
“ Dictionary of Chemistry,” London, 1863, I 
and II, 1864, and A. H. HassaU, “ Adulterations 
Detected,” Longmans, London, 1857, contain 
little or no information concerning the chemical 
preservatives generally used in the following 
decades. The great work of A. H. HassaU and 
“ The Lancet ” in combating adulteration of 
food prepared the way for the attack on pre- 
servatives. Credit for the opposition to pre- 
servatives must be given to later analysts, Muter, 
Hehner, Cribb, Liverseege and others. The rate 
of progress while knowledge of preservatives was 
slowly increasing is shown by the foUowing 
summary of the action taken by various autho- 
rities and by the Government : Analytical 
Sanitary Commission of The Lancet, 1851-54, 
A. H. HassaU, “ Food and its Adulteration,” 
Reports of the Commission, 1855 ; ParUa- 
mentary Committee on Adulteration of Food, 
1855. Sale of Food and Drugs Act, 1875. 
Section 3 of this Act provides that “ no person 
shaU mi x . . . any article of food with any 
ingredient ... so as to render the article in- 
jurious to health, with intent that the same 
may he sold in that state.” Section 6 states 
“ that no person shaU seU to the prejudice of 
the purchaser any article of food or any drug 
which is not of the nature, substance and 
quaUty of the article demanded.” There is 
no mention of preservatives in the Act and in 
the foUowing Amending Acts ; the pubUo health 
is protected by penaUsing adulteration, but im- 
less food mixed with preservatives can be 
proved to contravene Sections 3 or 6 the sale of 
such food is not forbidden. PubUo analysts 
appointed under the Acts of 1860 and 1869 con- 
tinued the thankless task of detecting and 
estimating preservatives (in connection with 
their work in suppressing adulteration) with very 
inadequate support from the magistrates ad- 
ministering the Act untU Umited progress was 
shown by the Milk and Cream Regulation 1912 
which prohibited the addition of any preser- 
vative to milk. MeanwhUe two committees had 
imdertaken protracted inquiries, a conference 
had been held and the Local Government Board 
pubUshed reports by its own officials on pre- 
servatives. The Reports of the Select Com- 
mittee on Food Products Adulteration, 1894, 
1895 and 1896, indicate the difficulty of Govern- 
ment action, owing to the diversity of opinion 
among medical men as to the effect of preser- 
vatives on the pubUc health (1896, Lloyd, 
Q.279) Hehner said preservatives were un- 
necessary {ibid. Q.881). In the opinion of the 
Committee {ibid, vi) the evidence showed that 
antiseptics are added to almost aU perishable 
food-stuff's and it would be difficult to prove that 
preservatives were injiurious to health. The 
unequal incidence of the law was the subject of 
complaint at the Institute of Chemistry Con- 
ference on Adulteration (Intern. Health Exhib. 
1884). OdUng stated that although beer con- 
tained calcium bisulphite and no action was 
taken, dealers were prosecuted for selling milk 
containing boracic acid. Dupre said the souring 
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of milk was a warning that the dairy was not 
clean and addition of preservative removed a 
safeguard. 

A growing body of opinion that the food, laws 
or their administration was gravely lacking as 
regards preservatives led in 1899 to the appoint- 
ment of the first committee to hear evidence on 
preservatives as distinct from adulterants. The 
Report of the Departmental Committee (1901) 
appointed to inquire into the use of preser- 
vatives and colouring matters in food shows that 
the preservatives in general use were sulphites, 
boric acid, formahn and sahcyhc acid. There 
was much contradictory medical evidence as to 
the harmful effects of the three last mentioned 
(pp. xxiiii, xxiv). 'Witnesses testified to the value 
of chemical preservatives in protecting con- 
sumers from the evils of tainted or decomposing 
food, hut the weight of scientific evidence was 
against the additions of chemicals to foods. 
The Committee held, however (p. xx), that some 
preserving means, not necessarily chemical, 
appears to he needed for a considerable portion 
of the perishable food supply, especially of the 
poorer classes. The issue, however, of refrigera- 
tion versus preservatives is not raised in this 
Report. It appeared that, although some pubhc 
authorities prosecuted vendors of milk con- 
taining boric preservative, the policy of the 
authorities and the proportions of preservative 
considered permissible varied from place to place 
(p. xvi). The medical evidence on the effect of 
preservatives on health was contradictory, some 
witnesses could observe no disturbance of func- 
tions after protracted tests of formaldehyde 
(Q.3229, 3295), boric acid (p. xxiii) and salicylic 
acid (p. xxiv). Nevertheless the Committee put 
forward the following recommendations (p. xxx) 
— ^formaldehyde should be absolutely prohibited ; 
saUcylic acid permitted, provided the amount 
does not exceed 1 grain per lb. of food (per pint 
in a liquid) ; in. cream, butter and margarine 
only boric acid and borax preservatives to be 
allowed, and in cream not exceeding 0-25% as 
H3BO3. in butter and margarine not more than 
0-5% ; the use of copper salts in “ greening ” 
of vegetables to be prohibited (one dissentient) ; 
the presence of preservatives to be declared on 
the label. 

In the following decade 1901-11, these recom- 
mendations remained without legal force in 
Great Britain. Considerable research work, 
however, was carried out in the United States 
and in Germany. H. W. Wiley in the course of 
a long struggle against the. use of preserva- 
tives published Bulletin 84 of the Bureau of 
Chemistry, U.S. Department of Agriculture, 
Parts 1-5, 1904-08, in which he attacked the 
common preservatives {v. Bibliography and in- 
dividual preservatives). A bitter controversy 
followed in which Wiley’s e^erimcnts were 
attacked by, among others, Liebrich (“ Thfrd 
Treatise on the Effects of Borax,” Churchill, 
London, 1906). Doubt was cast on the findings 
of the 1901 Committee by the subsequent proof 
that the proportion of salicylic acid recom- 
mended was inadequate to prevent fermentation, 
while the maximum amount of boric acid per- 
mitted vras twice the quantity usuall 3 ' found 
in food- 
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The Goremment action against presetratiTCS 
recommenced in 1912 with Pnblic Health (Milk 
and Cream) Regulations which prohibits the 
addition of any preserratire substance to Tntllr 
bat permits only bone acid and hydrog^ 
peroxide m cream containing more than 
milfc fat. An Amendment Order m 1917 hmit^ 
HjBO, to not more than 0 4%, no nnmencal 
limit IS given for HjOj but only traces were 
expected to remain in the cream Apart 
le^slation, the officials of the Foods Section m 
the 3Iedic^ Department of the Local Govern 
ment Board (afterwards the Ministry of Health) 
issued a senes of valuable reports which had an 
effect m checking the nse of preservatives 
For many years puhhc analysts (c Biblio- 
graphy) contmued to protest against the 
additions of chemicals to food and the on 
certamty of the legal position. W G Savage 
(“ Food and the Public Health,” Cassell & Co , 
London, 1919, p 38} said it was qnite useless to 
prohibit certain specified preservatives as &e«h 
ones would be supphed The analyst most 
decide whether the presence of the preservative 
amoonts to adulteration ( ‘ The Tunes ’* Food 
Number, 8 June, 1914) The appomtment of 
the Department^ Committee on the Use of 
Preservatives and Colouring Matters m Food was 
a belated acknowl»^meat of pubhe opinion 
Their final Report, 1924, reviews the law of 
^alteration and remarks that “ the proof that 
a preservative or colourmg matter mixed with an 
article renders it injurious to health ta not an 
easy, mexpessive or expeditious matter, and 
when established in one instance or in one court 
IS not necessarily effective in other instances 
or m other courts neither traders nor 
local authorities nor the public can definitely 
know what u permissible and what is not ” 

The Committee beard medical evidence on 
the effect of preservatives on health which, 
although unpublished, appears to have been 
contra^ctory in some respects However, the 
wide range of biochemical knowledge available 
enabled the Report of 1924 to suggest regulations 
which have b«a, for the most part, adopted. 
The Public Health (Preservatives, etc , in Food) 
Regulations 1927 to 1939 relate to limited addi 
tiORS and only to certain foods of benzoic acid, 
sulphurous acid and lutntes (see beloic) Part II 
prohibits certain dyestuffs The Regulations 
should be consulted for directions as to declara 
lion of preservatives The Committee’s pro- 
posal did not receive legal sanction without 
opposition It was said that, m the absence 
of preservatives, there would be great waste of 
foed for which cold storage was not available 
On the other side it was urged that dirty 
methods of collecting and preparing food were 
concealed by the use of preservatives 

THE FIRST SCHEDULE 
Part I — AEnciis or Food which atir cow 
TAEf Pbeseetativi avd Nattm axd Pbo 
roETiov or Pbeseriative is each case 

The articles of food specified in the first column 
of the following table may contam the pr ew r 
vative specified in tbe second column m pro- 


[ portions not exceeding the number of pans 
; (estimated by weight) per milhon specific in 
1 the third colnmn — 


Food. 

PreservatiTe 

Parts 

per 

Million. 

1 Sausages and sausage meat 
containing raw meat, 
cereals and condiments. 

•2 Fruit and fruit pulp (not 
dried) for conversion 
into jam or crrstAllised 
filacd or cured frmt as 

Sulphur di 

4^0 


Do 

3000 

ib) Strawbemes and 

raspberries 

Do 

2,000 

(c) Other frmt 

3 Dned fruit 

Do 

1500 

<s> 4pnroU, peaches 
nectarines, apples and 
pears 

Do 

2,000 


Do 


4 Onfermented grape juice ' 
and non aleohobe wine ' 
made from such grape 
jttiee if labelled in ac- 
cordance with the rules 
contained in the Second 
Schedule to these Begu 
lationa 

Benzoic add 

2,000 

S Other non-alcoholic wines 

Zither SqI , 

SaO 

sweetened or un 

or Benzoic 


*8 Jam (Inctuding Exannalade 
and frmt Jelly prepared 
in the way m which jam 

Sulphur di 
oxide 


7 Ciptallised glac^ or cured 
fruit (iBcludisg candied 
peel) 

*7a Fruit and fruit pulp not 
othemse speemed in 

Do 


Do 

SoO 

t8 Sugar (Including solid 
glncDte) and cane STnms 

Do 

70 

18a. CoraflourCmaizeetanbland 



9 Com sviub (hauid clutose) 

Do 





11 Beer 


70 

12 «der 


200 



450 

14 Sweetened mineral waters 

Either Sul 
phor di 
oxide or 
Benzole 
add 

70 

120 




16 Coffee extract 


450 

17 Pickies and sauces made 
from fruit or vegetables 

Do 

250 


* Ameaded fonns of items S, 6 and 7 sub<ditDted, 
I and new Item 7a added, bj Begulatlons of 19116 
I f Amended form of iUm 6 sabstitoted, and sew 
item 8a added, by Sesalatloss of 1927 

Past II — CoLocBn.o MarrEBs which mav 
VOT BE ADDED TO ARTICLES OT FoOD 

1 JfetoZlic Colouring ilaUtfs 
Compounds of any of the following metals • 
Antimony, Copper, 

Aiseaic, Mercury, 

Cadnuum, Lead, 

Chromium, Zme 


2 regeiable Colovnng 2IatUr 
Gamboge 
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3. Cml Tar Colours. 


Humber in 
Colour Index 
of Society of 
Dyers aid 
Colomists, 1924. 

2Caiiie. 

Synonyms. 

i 

Picric Add. 

Carbazotic Add. 


Victoria Yellovr. 

Saffron Substi- 
tute ; Dmitro- 
cresol. 

9 

Mancbester 

Xellow. 

Haphthol Yel- 

lovr ; llaitius 
Yellow 

12 

.Aurantia. 

Imperial YeDow. 

724 

Aurine. 

Rosalie Add ; 

Yellow Coral- 
line. 


PEOTtSIOSAi EzGTrLiT10^•S DATED OcTOBEP. 20, 
1939, 

Kxtrifis. 

2. TKe Pablic Health. (PreservatiTes, etc., in 
Food) Eegulations, 1925, as amended shall be 
fnrther amended as foUotrs : 

(1) The foDotring additional proviso shall be 

inserted at the end of Article 4 (1) and 
at the end of Article 11 (1) : 

“ (ir) The provisions of this Article 
shall not apply so as to prohibit the 
presence of added sodinm or potas- 
shim nitrite in bacon, ham and cooked 
pickled meat.” 

(2) The following paragraph shall be inserted 

after Article 4 (3) : 

“ (4) K'o person shall mannfactnre 
for sale or sell any cooked pickled 
meat, other than bacon and ham, 
•vrhich contains sodium or potassium 
nitrite in proportions exceeding tsro 
hundred parts per million calculated 
as sodium nitrite.” 

In prolonged correspondence in “ The Times ” 
in 1925, Sir William Pope led the opposition 
{22 January, 1925),. he and F. W. TunnicIiEFe 
{ibid. 23 January, 1925) and others considered 
boric add a valuable and relatively harmless 
preservative. F. Gowland Hopkins, on the 
con trary, regarded boric add as a cnmnlative 
poison- Patemo (Union intern. Chimie pure efc 
appL, 4th Congress, Cambridge, 1923, p. 154) 
reported on the good health enjoyed by the 
rrorkers in LadareDo where the air contained 
S mg. HgBOs/cn- metre outside the factory, 
the water supply 10 mg./l., potatoes 700 and 
bread 20 mg./kfio. However, the Committee j 
accepted the” experiments of Forster, Enhner 
and Eost as proving the harmful effects of boric | 
add- 

Deiectiox of Coeoueixg SIattees. — JTicholls 
(Analyst, 1927, 52, 585) descrihes methods for 
detecting the colouring matters prohibited by 
the Eegnlations, 1925 to 1927, Part II. Por ail 
classes of dyestuffs, see Dteexg (YoL IY, 147) 
and following tables which apply after extrac- 
tion of the dye from the food and transference 
to an appropriate fibre. Hathewson, “ Separa- 
tion and Identification of Food Colouring Sub- 
stances,” U.S. Dept. Agric. Bulk Ho. 448, 1917, 
mav also be consulted. The strongly antiseptic 


action, even in low concentrations, of some 
! dyestuffs is described in Medical Eesearch 
Council, “System of Bacteriologv,” I, 203 
(1929). 

PoEEiGir Eegdlatiox of Peesesvattves. — 
In the United States, sodium benzoate or sul- 
phurous add are permitted in limited amounts 
(c/. the Federal Food Dmg and Cosmetic 
Act which became effective in June, 1939) ; all 
imported foods as well as interstate commerce 
in foods are governed by this Act. Individual 
State laws, of which there are several, control 
only the production and sale of foods within the 
particular State (Fiene and Blumenthal, “ Food 
Manufacture,” Chemical Publishing Go., Hew 
York, 1938 ; for preservatives permitted in 
Germany, sse TTiD, Dent. Apoth.-Ztg. 1939, 54, 
545 ; Gangl and Lorenz, Oesterr. Chem.-Ztg. 
1934, 37, 91). Hilton (v. Bibhography) published 
in 1934 a summary of the regulations of all the 
more important countries. The Eeport of the 
Departmental Committee, 1924, reviews the 
foreign regulations in force at that date. 
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FOOL’S PARSLEY (c Vol I. 160d) 
FORGENIN " A name applied to tetra 
methyl ammonium formate > 
FORMALDEHYDE, CH,0 This sub 
stance, the simplest and least characteristic of 
the aliphatic aldehydes, is of the greatest 
technical importance in modem chemical in 
dustry Although discovered in 1867 by Hof 
mann, it was not until 1892 that KekuI4 isolated 
the monomer in a state of comparative purity 


Manctfaotube fbom Methanol ' 

Practically all the formaldehyde produced 
to day IS obtained by the catalytic vapour phase 
oxidation by air of methanol, either synthetic or | 
the wood distillation product The equation 

CHjOH+JOj-^CHjO+HjO 

only expresses very approximately the overall 
effect taking place during the oxidation process 
In actual practice, the reaction is complex and, 
in addition to oxidation, some formaldehyde is 
undoubtedly formed by dehydrogenation, while 
a portion is lost by decomposition mto hydrogen 
and oxides of carbon 

The endothenmo deJiyirogenalion of methanol 
IS known to take place in the raponr phase at 
temperatures of 200°C and above, under the 
influence of certam catalysts m accordance with 
the reversible equation 

CH,0H?4CH,0+H,-24 7kg caL. 
the equihbnnm constants of which have been 


determmed by Ghosh and Chakravarty {J 
Indian Chem Soc 1925, 2, 142) Dehydro 
genation can be effected with high efficiencies 
and high conversions per pass at temperatures 
of about 200®C in the presence of freshly reduced 
copper (Sabatier and Mailhe, Ann chim phys 
1910, [viu], 20, 344) or of a catalyst prepared 
from copper acetate and 1% of cerous aitrat© 
(Ghosh and Baksi, J Indian Chem Soc 1926, 
3. 415), hut the life of the catalyst is usually 
short Methyl formate is often an important 
product of the dehydrogenation of methanol 
over mixed copper catalysts (Frohch, J 8 C I 
1928, 47, 173T , Ivannikov and Sherko, J Appl 
Chem Russia, 1933, 6, 1148) In actual 
practice, the dehydrogenation process has not 
proved possible on a technical scale, largely 
because of rapid inactivation of the catalysts 
employed and also because of the simultaneous 
production of much by product However, 
processes involving dehydrogenation in the 
presence of metallic catalysts on porous supports 
(Backhaue, U S F 1437483, 1922) and also in 
the presence of reduced metallic catalysts with 
steam as diluent (Carbide and Carbon Chemicals 
Corp , Canadian P 363490. 1937) have been 
proposed According to Natta and Strada 
(Giom Chem Ind Appl 1932, 14. 545, 551) 
formaldehyde may be produced with efficiencies 
of 89-90% by dehydrogenation of methanol in 
the presence of a large excess of carbon dioxide 
or carbon monoxide These high efficiencies 
may be due, at least in part, to the reduction 
of partial pressure of the formaldehyde by the 
exce^ diluent with resulting di mini shed tendency 
to undergo further decomposition 
The mechanism of the controlled oxidation of 
methanol to formaldehyde was first sys 
tematically investigated by Orloff (J Russ 
,Phya Chem Soc 1907.39 865,1024, 1908,40, 
796 1690, Ber 1909, 42, 895) who concluded 
that the mam reaction, 

CH, OH+JOj^CHjO+HgO, 
was followed by the secosdai^ reactions, 
CH,0=C0+Hj. 

CO+iO,=CO, 

and H|+i 02 =H {0 

However. Le Blanc and Plaschke (Z Elektro 
chem 1911, 17, 45) noted (i) that the hydrogen 
produced always far exceeded in volume the 
sum of the oxides of carbon, (u) that consider 
ably lees oxygen than is requir^ by the tbeo 
retical equation may be used without serious 
diminution m the yield of formaldehyde, and 
(m) that in the absence of added air, or oxygen, 
the activity of the catalyst diminished rapidly 
but could again be renewed by passage of air 
For these, and other reasons, Le Blanc and 
Plaschke beheved that the fundamental re 
action 13 one of dehydrogenation, the hydrogen 
hberated bemg largely burnt to water The 
addition of oxygen to the reaction mutate was 
thus regarded as necessary to supply heat and 
to mamtain the catalyst in an active condition 
by a process of alternate oxidation and reduc 
tion Similar conclosions were reached by 
Tliomas (J Amer Chem Soc 1920 42. 867), 
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■vriio £orniul3ted tlie foUowIng indfridnal le- 

sctsoss Z ' 

(1) CH 30 H=CH 204 -H, (dehydrogenation) 

(2) CHjO=CO- 7 -H. (decomposition of 
founaldehyde). 

{ (oxidation of hydrogen 
and carhon monoxide, 
occarring only par- 
tially). 

In addition to its eSect in transformins an 
endothermic dehydrogenation into an exotheinic 
reaction and in maintainins the acnrity of the 
catalyst, the air nsed may exert other mfinences 
fevonting high yields of formaldehyde. Bv 
raping remoTing hydrogen fiom the sphere 
reaction, the dehydrogenation process is aHon-ed 
to proceed Tirtually to completion. In addition, 
the dihition of the reacting gases frith large 
amounts of inert gas, namely nitrogen, reduces 
the partial pressure of the formaldehyde and 
thus probably minimises its tendency to nnderso 
decomposition. 

Formaldehyde tras first prodneed hy HoSnann 
(Annalen. 1S5S, 145, 357: Ber. 1S69, 2, 152) 
by the incomplete comhnstion of methanol otet 
a red-hot spiral of platmnm -rfre. Snhse- 
cnentlv, Yolhard (Annalen, 1875. 176, 128) and 
ToUens (Ber. 1SS2, 15, 1629; 1883, 16, 917) 
improred this method and endea-onred to con- 
trol the temperatnre of the catalyst by regulating 
the fiorr of the mixture of air and methanol 
vapour. Platinised asbestos -vras found equally 
e&ctive by Eablukofi (-J. Buss. Phys. Chem. 
Soc. 1882, 14, 19=) "srhile, later, plafeum and 
palladium Machs trere used by OdoSi. Almost 
simultaneously, Loef7(J. pr. (3iem.l8S6,(lB,3S, 
323) and Tollens (Ber. 1886, 19, 2135 ; Aunalm, 
1888, 243, 335) discovered the catshrtic activity 
ofcopper in the form of frire gauze. Inatypic^ 
expeiimeiit, air vras bubbled through methanol 
maintained at 40-50 'C. and the resulting mixture 
vras passed over a spool of copper wire gauze. 
5 cm. long, and heated to a moderate tempera- 
ture, the products being collected in receivers 
maintainedatlOO'C.andaboutO'C. respectively. 

The first patented method of oxidising 
methanol catalvticallv to formaldehvde is tha't 
of Ttmat (FJP. 199*919, 1859; G.P. 55176, 
1859) vho proposed the use of such catalysts as 
platiinsed ash^os, cop^r oxide, retort carbon, 
Xhorcelain, etc. On the other hand, the first 
industdal production of formaldehyde is said to 
have been established near Hanover in 1889 by 
the firm of ileicMin and Losekann, employing a 
process in vhich the catalyst vras copper ■sire. 
About the same time TTTar and Schulze (GtP. 
106495, 1893; FtP. 288957, 1899) recognised 
the importance of controlling the ratio of air to 
methanol in the reacting gases and proposed to 
carburet air vdth methanol in a countercurrent 
scrahhing tover maintained at 40-50'C. By 
regulating the fiom of alcohol and air to the 
scrubber, the ratio of reactants could be varied 
at -Biil and. in order to moderate the reaction, 
it Tvas proposed to dilnte the ingoing air frith 
nitrogen derived mom the -vraste gases. The dis- 
clcssuxes of Klar and Schulze relate only to the 
preuaiation of the reaction mixture and do not 
refer to anv definite tyne of contact materials. 


The formaldehyde industry underment a rapid 
development in the decade iS9S to 1908, during 
xrhich time the most varied types of catalv^ 
vrere employed, althongh copper trire gauze 
■5!^ probably the moS popular, ilorel (J. 
Pfiarm. Chem. I90o, 21, 177) desciihed the 
catalyst chamber us^ in a French fectoiy in 
1905, rrhich consisted of a metal cylinder fitted 
with numerons copper tubes containins copper 
contacts. A plant des%ned by Orloff fl. Buss. 
Phys. Chem. Soc. 1903, 40, 796) and capable of 
oxidising 17-5 hg. per hour of methanol consisted 
of a tubular vessel set at an angle of abont 10“^ 
and containing 169 copper tubes of 19 mm. 
internal diameter, 2 mm. thickness and 800 mm. 
length arranged in two concentric circles betsreen 
tfso end plates. Glass tubes, 16 mm, internal 
diameter, 1-25 mm. thick and 120 mm. long, 
placed in the copper tubes carried the copper 
! contacts vhich consisted of copper gauze spools 
i about 120 mm. long. Orlou perfected an in- 
I genions device, stfil employed to some extent, 

: for initiating the reaction frfthout external 
I application of heat. T hjg xras efiected hy placing 
at the inlet end of the catalyst chamber “ igni- 
tioa pills ” prepared hy soaking pieces of pumiee 
in a solution of platinnm and palladium cMorides 
and calcining the pnodnct. This catalyst, by 
virtue of its activity at loir temperatures, fvas 
able to initiate the oxidation and thus to raise 
the main copper catalyst to the reaetion-tempera- 
tuie. 

A great advance vus made in 1908 vrhen Blank 
(G-P. 228697, 1908) found that silver vras 
superior to other contacts and gave yields 10- 
15% greater than those attained frith the nsual 
copper catalysts. Since that time a large 
number of modifications of silver and numerous 
other catalysts have been described (ride in/rc) 
hut silver gauze is stiH used almost exclusively 
in large-sc^e practice. 

The fbllofrinu is a summary of scientific and 
technical literature frith special reference to 
modem industrial practice. 

(1) Purity of Bcic Materials. 

The purity of the air used in the oxidation 
process is of the utmost importance since 
cataivst poisoning is very liable to occur. The 
air should he from dust particles, sulphur 
dioxide, hydrocHoric acid, hydrogen sulphide 
and sulphuric acid. Klar (Chem.-Ztg. 1935. 59. 
741) has recorded an instance of catalyst poison- 
ing in a plant located on the coast for fzhich salt 
in the air ffas responsible. Silver catalysts in 
Tne<=i* form are said to be more resistant to 
poisonins than supported silver catalysts. 
Accordirik to Siegl (sol'd. 1927, 51, 782) copper 
catalvsts tend to become inactivated by the 
presence in air of halogen compounds, par- 
ticularlv organic cHorine compounds, even if 
present in such small amounts as to evade detec- 
tionbvthensnalanalyticalmethods. Air purifi- 
cation is best efiected by passage through active 
charxxjal or by scrubbing frith frater or methanol 
in the presence of alkalis or carbonates. 

The methanol used in the process must be free 
fipm an volatile organic, or inorganic, sulphur, 
halogen and cyanogen compounds, ffhile the 
presence of iron carbonyl in synthetic methanol 
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IS particularly objectionable This last im 
purity may be removed by passage of the 
methanol vapour with air over active charcoal or 
sihca gel contacts {B A S F , G P 420442, 1924 , 
B P 247050, 1925) Zinc compounds, denvcd 
from containera or vaporisers, may also acca . 
mutate in the contact zone and lead to eenous 
deterioration of the catalyst Although the 
presence of appreciable amounts of acetone and 
especially of iiigher boiling ketones and oigamc 
by products, is regarded as deleterious, Bobrov 
( j Russ Phya Cbem Soc 1918, 50, 130) found 
that the presence of up to 4% of acetone did not 
affect the operation of a copper gauze catalyst 
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According to Orloff, however, the methanol used i 
should not contain more than 2% of acetone or j 
' 2*Jo of water, but Thomas (J Amer Cbem Soc I 
- 42. 867) observed that the presence in the I 
1 of 1 7% of acetone and 10% of water 
d no infloence on silver catalysts Although 
is probable that the prc«cnce of substantial i 
amounts of water vapour in the reacting gases I 
will tend to reduce the catalyst temperature 
and tbns slow up the reaction Rirchberg (B P '' 
1D9769 and 1997C0 1922) clsims better control 
of the catalysis m the presence of copper by the 
introduction of steam m amounts of J to ^ !gr 


weight of the methanol used R here highly con 
centrated formaldehyde solutions are desired 
practically anhydrous methanol may bo em 
rfojed as mw material (I G Farbenmd A G , 
B P 267768, 1926) 

(2) Pfoportvons o/ Reactants 
The optimum proportion of air to methanol 
in the reacting gases vanes somewhat with the 
catalysts but is generally rather less than that 
required by the equation 

CHg OH+JOj^CHjO+HjO 
At oxygen concentrations below the optimum 
eiBcjejicjcs of formaldehyde pro 
duction are high, but conversions 
per passage are low, while at 
concentrations ofoxjgen in excess 
of the optimum, conversions fall 
agam while the efficiency of form 
aldehyde formation also declines 
on account of mcreasmg pro 
duction of oxides of carbon The 
general effect of varying oxygen 
concentration on the yields (t t 
conversions per pass) and effi 
cienciesin the presence of copper, 
silver and gold plated copper 
catalysts is shewn bj the expen 
mental data of Thomas as lUus 
trated in Fig 1 (from ’llarck and 
Habn, The Catalytic Oxidation 
of Orgamo Compounds on the 
Vapour Phase, 1933, Chemical 
Catalog Co Inc , N Y ) Prom 
these results it appears that an 
oxygen concentration equivalent 
to 0 46-0 5 g per g of methanol 
u suitable with a silver catalyst 
Vsmg gauees of copper and silver, 
89-90 mm in length, Le Blano 
and Plaschke found optimum 
oxygen proportions of 0 39 g and 
0 40 g respectively per I g of 
methanol On the other hand, 
Gurewitsch ond Tschirwinskaja 
(J Gen Chem Russ 1935, 12, 
67) found that, in the presence of 
copper gauze as catalyst, the best 
proportion of oxygen was only 
60-64% of that required by the 
above equation, while Katta and 
Strada (Giom Cbem Ind AppI 
1932, 14 645, 661) suggest adding 
only sufficient oxygen to supply 
the requisite heat and maintain 
the reaction without external 
supply or abstraction of heat The actual air to 
methanol proportions used industnally probably 
vary but, m general, methanol is always in 
excess According to Klar, excess of methanol 
IS used to dissipate heat so that a typical crude 
condensate from the oxidation process may con 
tain 30-36% formaldehjde 20-24% water and 
40-60% unchanged methanol fcatisfactoiy 
operation IS said bj Siegl to produce an exit gas 
(after condensation and washing) containing 
in addition to hydrogen, 3 5-4% of carbon 
dioxide, %cr^ little carbon monoxide and no 
methanol 
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(3) Cclalyf.^. 

The earlier — orkers employed catalysts of 
platincm and palladinm, either alone* or on 
carriers snch as asbestos. Entheniam has been 
snggested as a catalyst (Badische Anflm - n. 
Soda-Fabrik, G.P. 27551S. 1913). Snbseqnent 
vrork has shoa-n. ho-a-erer. that the platinum 
metals tend to promote further decomposition 
of the formaldeiiyde and are thus inferior to 
silver and c-opper. Best results were obtained 
by OrloS” with a catalyst of reduced copper on 
asbestos, impregnated with lower orides of 
vanadium. Although Le Blanc and Plaschke 
found that the cataTycic eSect of silver was not 
appreciably better than that of copper, the 
superiority of silver, first claimed by Blank 
(G.P. 22S607, IPOS) has been confirmed by 
Fokin (-J. Euss. Phys. Chem. Soc. 1913. 45, 
26S) and especially by Thomas (he.). Later 
Kadowaki and Yamada (Eept. Osaka Imp. 
Cniv. Ees. Lab. Japam 1931, 11. Xo. 19) found 
that the catalytic activity of silver is sbghtly 
increased by the addition of vanadinm or 
selenium and somewhat depressed by iron, 
cobalt, chromium, copper, zinc or aluminium. 
With cylindrical rolls of silver wire, 15 mm. in 
diameter and 2-6 cm. in lencth, formaldehyde 
yields of about 79% were obtained with an 
oxygen to methanol ratio corresponding to 0-3S 
'■o 0-4S g. per g. of methanol. 

Copper catalvsts, both in the form of gauze 
(Barber, BJ*. ’2061.59, 1922; U.S.P. 1661063. 
192S ; DanneeL G.P. AppL E. 22953, 1918) and 
also on porous carriers (EnderH, G.P. 31S402. 
1917 ; Sneffing. U.S.P. 1122811, 1914) have been 
proposed. Copper vanadate precipitated on 
carborundum or other carbide of the metals of 
Group IT is claimed bv the Selden Co. (U.S.P. 
1930716, 1932) while dkney (B.P. 163046. 1920, 
Assr. to Xirrogen Corp.) disclosed the use of an 
active catalyst prepared by ignition of copper 
cyanide. 

Silver catalysts of the most varied types have 
been describe and the following may be 
mentioned. Silver precipitated on asbestos 
(Blank, l.c.) ; finely-divided silver (Bouhard, 
F.P. 412-501, 1910 ; Kusnezow, U.S.P. 106766.3, 

1913) ; metal couples in mechanical combina- 
tion. i.e, Tinalloyed, such as silver plus 0-01% 
of platinum in a copper tube (von Hochstetter 
and Holzverkohlungs-Ind. A.-G., GiP. 402S49, 

1914) ; sflver vanadate precipitated on diato- 
maceous earth (Selden Co., U.S.P. 1935054. 
1933) ; electrolytic silver crystals with, or with- 
out. the addition of 1 to lO^J, of dimeuity reducible 
oxides such as the oxides of'tungsten, thorium, 
vanadium, cerium, molybdenum, zinc, alumi- 
nium and chromium (E J. Du Pont de Xemouis 
& Co., U.S.P. 1968.552, 1930 and 2005645, 1930) ; 
silver prepared bv hmition of silver evanamide 
(dantw, B.P. 163*046. 1920). 

According to Adkins and Peterson (J. Amer. 
Chem. Soc. 1931. 53, 1512) molybdic anhydride 
dispersed on small iron spheres is a highly 
eSdent catalyst for the production of fonualde- 
hyde altho ugh the optimum conversions per 
passage are relatively low. However, with a 
catalyst consisting of the oxides of iron and 
molybdenum in equal atomic proportions, con- 


versions of 90^0 and efficiencies of upwards of 
91% were attained. The use of cataivsts con- 
taining at least 40% of molybdenum oxide 
admixed with one or more oxides of vanadium, 
iron, lanthanum, thorium, neodymium, zinc or 
tin has been proposed (Bakelite Corp., BP 
381570, 1931; U.S.P. 1913404-5, 1931; GJ>. 
57.5596, 1930), a spedaUv valuable mixture con- 
sisting of 4.5-50?^ MoO,, 45-i0% V,Os and 
lOO'FeO. ‘ ® 

It has been claimed (Bailev and Cxaver Assr. 
to Barrett Co., B.P. 1639*80, 1920; U.S.P. 
13S3059, 1921 ; Canad. P. 22S03S, 1923 ; FA'. 
533900, 1920; Blom, G.P. 292365, 1913) that 
vanadinm pentoxide is an active catalyst for the 
production of formaldehyde at tempe'ratures as 
low as 225'C., so that a large excess of air can 
be employed with resulting minimised risk of 
explosion. Furthermore, the presence of water 
and up to 5% of acetone in the methanol used 
is stated to have no effiect on the activity of this 
catalyst. However, the effidency of vanadium 
pentoxide is said to be increased by admi xtur e 
with certain other metal oxides, such as those of 
potassium and manganese (Weiss and Downs. 
U.S.P. 1851754, 192S ; International Aniline and 
Chem. Co., U.S.P. 2065394). 

Other catalysts suggested for this oxidation 
are incandescent carbon (Kala S.A-, F.P. 
620754, 1926) and the oxides of cadminm, 
chrominm and manzanese (LG. Farbenind. 
A,-G., G.P. 441433. 1923). In order to avoid 
excessive decomposition of the fonnaldehyde 
during reaction, it has been proposed to carry 
out the oxidation in the presence of snffident 
ammonia to reader the condensed products sub- 
stantiaily, neutral (Bakelite Corp., U.StP. 
173S745, 1927). Dilution with steam is also 
suggested as a means of stabilising the formalde- 
favde and thus increasing the vields (Hirchberg, 
B*.P. 199759 and 1997607 1922*). 

In modem industrial practice, silver in the 
form of mesh net is most c-ommonly employed 
as catalyst. According to Klar, the only 
alternative catalyst which has so far acquired 
any technical importance is silver deposited on 
carriers such as pumice and asbestos. Under 
suitable working conditions.eqnallygood results 
are obtainable with both types of catalyst. 

4) Control of Reaction. 

The oxidation of methanol is a highly exo- 
thermic process, the approximate heat effect of 
the gas phase reaction, 

CH 30 H-fi 02 =CH, 0 -bH, 0 , 

being -y35-3 kg. cals, per mol. (Kharasch. Bur. 
Stand. J. Ees.''l929. 2. 359). In the industrial 
process, part of the heat of oxidation is con- 
sumed in promoting the endothermic dehydro- 
<7enation. a portion is lost by radiation and part 
is eliminated as sensible heat of the gaseous 
products. In generaL the dissipation of the 
surplus heat cannot be effected by radiation or 
external cooling agencies, so that the catalyst 
mass is raised to a relatively high temperature. 
Temperatures of 500-600'C. are maintained in 
the catalyst zone and control of the temperature 
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IS effected partly by regulating the Teloaty of 
the gases and, m many cases, by employing an 
excess of methanol or diluting the reaction mix 
ture with hydrogen (Klar, Chem Ztg 1935, 59, 
741) The hottest part of the catalyst mass is 
that located near the inlet end, the rear section 
of the catalyst serving to equahse and control 
the temperature While it has been mamtained , 
by several investigators that some decomposition i 
of formaldehyde, mth consequent reduction m 
efpciency, is hable to occur if the length of the 
catalyst zone is increased beyond a certain 
optimum, Thomas found no evidence for this 
when using silver or copper gauze contacts 
With gold catalysts however, the loss of form 
aldehyde by decomposition increased slightly 
with increasing length, the oxidation being 
apparently complete in the first 20 mm of 
length The heat conductmg properties of the 
catalyst are also of some importance and Faith 
and Keyes (Ind Eng Chem 1931, 23 1260) 
have found that catalysts having the highest 
coefficient of heat transfer give the best yields 
of intermediate oxidation products According 
to Bobrov, relatively short copper gauze discs 
packed perpendicularly to the tube axis, give 
Detter results than copper gauze spirals 

As might be anticipated, gas speeds are of 
considerable importance and fiuctuations in feed 
rate can cause erratic operation when laeuffiaent 
catalyst mass is used, owing to temperature 
ranstjons Ldcesr gas velocities of the order 
of 1-2 ft per sec were used by Thomas, who 
found however thattheeficiencyofsilverganze 
catalysts is little affected by relatively large 
variations in gas speed 

In industrial practice the catalysts are usually 
gauze mesh of 35-300 mm diameter (60 mm 
diameter and 100 mm long is typical) placed 
in a senes of copper or silver plated copper 
tubes of approximately the same internal dia 
meter An apparatus described by Schwyzer 
(Pharm Ztg 1930, 75 28, 46) consisted of an 
annular cast iron vessel provided with a central 
conduct to facihtate beat dissipation, the 
catalyst being a bed of copper turmogs placed in 
the annular chamber, which was provided with 
an external removable electrio heater to initiate 
the reaction Special apparatus and means ibr 
controlling the course of the catalyses have been 
disclosed by the following patentees Boake, 
Roberts A. Co, BP 110787, 1016, Calvert, 
B P 814, 1916 , U S P 1213740, 1917 , Brutzkus, 
B P 217747, 1023 j Barbet, B P 206168, 1922 , 

I G Fatbenind A G , B P. 293203, 1927 

(6) Trtatmtni of RtaeUon Products 

The crude reaction product, on condensation, 
famishes a crude condensate ncL m formalde 
byde and a gaa which still contains appreciable 
amounts of methanol vapour The latter can 
bo removed by countercurrent scrubbing with 
water, the methanol being subsequently re 
covered for re use by fractionation cf the 
aqueous wash liquor The crude formaldehyde 
condensate which may, for example, contain 
39-36% of fonnaldehyde 20-24% of water and 
a residue of methanol, is usually diluted with 
aqueous wash liquor and stnpp^ of a part of 


its methanol content by fractionation in a 
copper still from which pure methanol is with 
drawn as an overhead product and strong form 
aldehyde solution from the bottom 

Another method of operation consists m sub 
jecting the crude reaction products to a con 
tmnoiis rectification in a column apparatus In 
"this way it is possible to recover from the bottom 
plate a non polymerising solution of formalde 
hyde free from methylal and contaimng only 
0 1-O 2% of methanol (Hirchberg, B P 199769 
1922 , Roessler and Hasslacher Chem Co , 
USP 1871019, 1930) Rapid cooling of the 
hot reaction gases is said to he advantageous and 
this may be effected by immediately contacting 
them with a cold aqueous formaldehyde solution 
(IG Farbemnd A G, BP 260908, Ahlbeck 
and Bakehte Corp , USP 1744295, 1927) 
Very concentrated formaldehyde solutions or 
paraformaldehyde, are obtained by oxidising 
substantially anhydrous methanol rapidly cool 
ing the reaction products and suhjectmg the 
cooled products to a countercurrent washing 
with a strong solution of formaldehyde 
(IG Farbemnd AG, BP 267768 and 
296847) 

Klar has described a third method of treating 
the reaction products in which the hot mixture 
of methanol vapour, formaldehyde, steam, 
Ditn^en, hydrogen and oxides of carbon is 
pa«ed into a senes of aluminium columns, m the 
first of which formaldehyde solution condenses 
while, at a further point in the system, the bulk 
of the methanol is recovered for re use m the 
process 

(6) Yteldi 

From 100 parts by weight of anhydrous 
methanol, a yield of 03 75 parts of 100% form 
aldehyde, or 267 parts by weight of a 36 6% tc/w 
eolation, can theoretically be obtained In large 
scale practice, yields of 88-00% of the theoretical 
can only be obtained under the most favourable 
operating conditions, although shghtly better 
results have been reported m laboratory expen 
ments conducted for relatively short penods of 
time 

(7) Complete Plant 

A typical modem plant for the oxidation of 
methanol to formaldehyde is shown in Fig 2 
Vannmo and Seitter, Der Formaldehyd, 
Vienna and Leipzig, 1027 see also descnption 
in Chem Rundschau fur Klitteleuropa u 
Balkan, 1925 p 269) Air is aspirated by the 
compressor, i, into a constant pressure receiver, 
3, from which it passes into a saturator vessel, 4, 
where it is preheated and meets a preheated 
steam of methanol from feeder 3 The resulting 
mixture of air and methanol vapour passes to a 
reactor, 6, usually consistmg of a bunch of copper 
tabes charged with the catalyst Copper tubes, 
600 mm long and 60 mm internal diameter, 
charged with silver gauze contacts 110 mm long 
and about 60 mm external diameter are typical, 
while an igmtion pill is often used to initiate 
reaction The products of reaction pass into a 
•epaiator, 6, from the bottom of which com 
mercial formaldehyde solution is withdrawn 
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The hnik of the nnchaiged methanol is carried' 
over trith inert gas and is condensed hy means of 
cooler, 7, and collected in receiver, 12. The 
imcondensed gas then passes to scmhher, 9, 
vrhere the residual methanol is removed by 
cormtercmrent extraction rrith trater, the 
resnlting dilnte methanol being concentrated 
in column 10 and returned to 12 for re-use. 

PeODUCXIOS' or FoBirAIJJEHYIlE BT 
OxrDAHOS' OF Hxdeocaeboxs. 

It has long been knorm that formaldehvde is 
produced in small amounts by the incomplete 
oxidation in the vapour phase of various hydro- 
carbons. On account of its cheapness and 
abundance, methane appears particularly attrac- 
tive as a ra'vr material for such a process. Horr- 
ever, despite a voluminous patent and scientific 
literature, so far little formaldehyde seems to 
have been produced industrially either &om 
methane or other hydrocarbon gases. It has 
been stated that considerable quantities of 
formaldehyde and methanol are produced by 


catalytic oxidation of natural gas (Ind. Env. 
Chem. 1928, 20, 342), and also as a by-product 
of the production of carbon black from natural 
gas jEglofi’ and Schaad, Chem. Eevieirs, 1929, 
6, Xo. 1), ■vrhile smaH-scale plant for the pro- 
duction of formaldehyde from methane have 
been operated in Eus^ (Chem. Trade J. 1935, 
96, 200 : 1937, 100, 234) and in Germany (Ind. 
Eng. Chem. Xeivs Edit. 1936, 14, 449). 

The general course of the vapour phase oxida- 
tion of methane by air or oxygen tras elucidated 
mainly by the scientific -srork of Bone and his 
collaborators (.J.C.S. 1902, 81, 535 ; 1903, 83, 1074 ; 
1906, 89, 674) and of Blair and Wheeler (J.S.C.I. 
1923, 42, SIT). Their results indicated that, 
owing to the instability of formaldehyde, the 
conditions favouring its formation include opera- 
tion at relatively low temperatures and for short 
contact times. For practical purposes this 
implies that high efSciencies of formaldehyde 
production can only be attained under con- 
ditions of small percentage decomposition per 
pass, so that multi-stage operation or recycling 
becomes necessary. By the non-catalytic oxida- 



Fig. 2. 


tion of gas mixtures containing 80% methane 
and 20% oxygen at 665'^C., Blair and Wheeler 
obtained formaldehyde with an efficiency of 
65% at very low conversions per pass, so that 
the actual concentration of formaldehyde in the 
exit gases was small. Higher concentrations 
can only be attained under conditions of 
relatively low efficiency. The highest form- 
aldehyde concentration was obtained by 
Tropsch and Eoelen (Brennstoff-Chem. 1924, 
5, 37) by passing equimolecular mixtures of 
methane and oxygen through small bore tubes 
at 1,000'C., when the yield of formaldehyde was 
5-96% of the methane entering the system: 
Ledbury and Blair (Chem. Ees. Bep. Xo. I, 
D.SXE. 1927) studied the non-catalytic oxida- 
tion of methane to formaldehyde in a crrculation 
apparatus. Using a mixture of 80% CH^ and 
20% O. with a contact time of about 1 second, 
at about 700"C. formaldehyde iras obtained in a 
concentration of 2mg. per litre of gas mixture 
and an estimated yield of 30%, calculated on the 
methane consum^ 

The catalytic oxidation of methane to form- 


aldehyde has been the subject of a large number 
of scientific studies and patent disclosures, 
which are reviewed by Eoelen (Ges. Abh. Eennt. 
Kohle. 1925. 7, 111), Egloff and Schaad (Chem. 
Eeviews, 1929, 6, Xo. I), ffiarek and Hahn 
(■‘ Catalytic Oxidation of Organic Compounds 
in the Vapour Phase,'’ 1932) and Mayor (Eev. 
Chim. Ind. 1927, 46, 70, 110). Interesting 
results were obtained by Medvedev (Trans. 
Eaipov Inst. Chem. 1924, Xo. 3, 54; 1925, 
Xo. 4, 117) using 'catalysts consisting of phos- 
phates of lead, aluminium, tin and iron activated 
by the addition of about 0-13% of hydrogen 
chloride in the gas mixture used, and operating 
at 500-700'C. With mixtures of methane and 
air, or oxygen, one pass operation furnished 
formaldehyde in yields of 5^% based on the 
methane passed through the apparatus. Schon- 
felder (j^r. Ges. Kohlentech. 1923, 4, 247) 
found that by passage of mixtures of methane, 
steam and air over copper or silver catalysts at 
500"C., 55-58% of the hydrocarbon was oxidised 
to formaldehyde, 10-20^o to carbon monoxide 
and 25-A0% remained unchanged. Oxidation 
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of methane with an equal volume of air at 650® 
in contact for 1 eecond with a suitable catalyst is 
claimed by James (U S P 1688836, 1926) to yield 
formaldehyde in amounts corresponding to 
6 76% of the methane treated Oxides of nitro 
gen bare been found to exert a distinct catalytic 
influence on the oxidation of methane to form 
aldehyde (Layng and Soukup, Ind Eng Cbem 
1928, 20, 1052, Frohch, Hamngton and Waitt, 
J Amer Cbem Soc 1028, 50, 3216), and Bibb 
(U8P 1392886, 1921, 1647726, 1925) has 
obtained a yield of 123 g of formsddeh3rde per 
cubic meter of gas used by oxidising natural gas 
in the presence of this catalyst at 730®C 
The homologues of methane appear to furnish 
higher proportions of formaldehyde by partial 
oxidation than docs methane itself, probably 
because of the lower temperatures and shorter 
contact limes involved By heating a mixture 
of ethane and air (2 vol ) at TOO'C for about 
1 second and rccychng part of the reaction 
products, yields of formaldehyde amounting 
to about 7 4% of the theoretical have been 
obtained (Curme, U S P 1729711, 1929, Asar to 
Carbide and Carbon Chemicals Corp , also B P 
238938, 1924) 

The industrial possibibties ofthe non catalytic 
oxidation of ethylene to formaldehyde have been 
explored by Ledbury and Blair (I c ) who 
obtained beet results by passing a mixture of 
16-20% ethylene and a residue of air through a 
tubular reactor at 676®C and a contact time of 
about 1 second Under these conditions, form 
aldehyde can be obtained with an etEcieni^ of 
59-75% but the conversions per pass (and also 
the concentration of formaldehyde m the exit 
gas) are low, so that repeated recyebog becomes 
necessary 

The oxidation of hydrocarbons by means of 
ozone and also by air under the influence of the 
silent electric discharge has been studied but 
neither method is of industrial importance 

liTDBOOEKaTIOlT OF OltDEa OF CaKBON 
The hydrogenation of carbon monoxide to 
formaldehyde according to the reversible equa 
t ion CO + H C H represents an intermediate 

stage m tho well known synthesis of methanol, 
and it might be expected therefore, that such a 
synthesis would be of technical value In 
ractiec however, it is difHcult to stop the 
ydrogenation at tho desired stage and no 
mdustnal applications of this reaction have 
been recorded Dejnite several patent claims 
(<g Dreyfus, BP 108856 and 157047. 1917, 
Church. 1 P 510049, 1919, Lush BP 180010, 
1021 , Fran^on, B P 450449, 1935) only traces 
of formaldehyde are obtainable at atmospheric 
pressure (Jaeger and \\inkclmann, Ges Abh 
Kcnnt Kohle, 1925, 7, 55) Somevhat better 
results appear po'wible at elevated pressures and 
E II Botscharova and B 31 Dolgov (J Gen 
Cbem Russ 1034, 4 145) obtained a 6% yield 
of fonnaldehydo from wafer gas st 125 atmo 
spheres pressure and 400*C in tho presenceofa 
4MgO — MnjOjCataljit A vanety of catalysts 
have been claimed for tho high pressure i^ 
thesis of formaldeb^Jo (Soc Cairo Grande 


[Paroissc, B P 272165, 1927, Arsem and Com 
jmercia! Solvents Corp USP 1740141, 1929, 
Selden Co, USP 1824896, 1925) The re 
jduction of carbon monoxide by hydrogen at 
I sub atmospbeno pressures and under the in 
' Saence of anodic Lgbt yields formaldehyde 
[(Usmes de 3IeUe, BP 469371, 1937) whde 
I Boman (B P 371377, 1932) has disclosed a cata' 
I lytic process at atmospheric pressure in which 
a znulti metal catalyst is used and revivified at 
very frequent intervals Eeviewsofthissuhject 
have been contnhuted by Kuster (Brennstoff 
Cbem 1036, 17, 103) and Neumann and Bd^cevic 
Z angew Chem 1927, 40, 1469) 


(Miscellaneous BIetiiods of Pbefaeation 

The oxidation of acetaldehyde m the vapour 
phase is claimed to furnish formaldehyde m 
yields of 60% or thereabouts (Consortium f 
Elektrochem Ind, BP 178842, 1922, USP 
1864541) while methylamine may also he 
oxidised to formaldehyde (Trumpler, Swiss P 
111)20, 1024) Passage of dimethyl ether and 
air over a copper or silver catalyst at elevated 
I temperatures has also been proposed (Bleister, 
Lucius and Brbmng, G P 413448) 

Processes for the production of formaldehyde 
by catalytic reduction of formic acid (Arsem 
and Commercial Solvents Corp , U $ P 1646602 , 
BASF, GP 185932, Goldschmidt, OP 
183856) or by decomposition of various formates 
(Hofmann, GP 316217, Quignard, FP 
550380) are scarcely attractive m view of the cost 
of the raw matenals 

Tho hydrolysis of methylene dicblonde by 
means of water (Rhenania Ver Chem Fabnk , 
OP 362746), or by steam m the presence of 
alkahne salts furnishes good yields of form 
aldehyde (Bleister, Lucius ana Pruning, G P 
382391) Hydrolysis can also bo eCected in the 
vapour phase over activated charcoal at 260- 
270*C, when an 84% yield of formaldehyde is 

BP 189432, 1922) Various methods of pro 
ducing hexamethylenetetramine and allied pro 
ducts by reacting methylene dicblonde with 
ammonia, aqueous ammonia or ammonium 
chlonde have been proposed (Karpen, B P 
230016, USP 1499001, 1499002 15C88I7. 
1563823 1630782, Holaverkoblungs Ind , B P 
195602, 1922), but no large scale apphcations of 
these processes have been recorded 


MO'lOSIEniO FORSIALTEnYDE 

Formaldehyde was first obtained in relatively 
pure form by Kckuld (Ber 1892, 25 2435 , tee 
olso Bachs, Per 1899 31, 1231) by heating para 
formaldehyde Walker (J Amer Cbem Soc 
1933,55 J821) prepared this substance W dis 
tillation of an alkah precipitated polyoxy* 
methylene Tho monomer exhibits a marked 
tendency to undergo polymerisation, particularly 
in the presence of traces of water and oxygen 
Recently, Spenco and Wild (JCS 1935, J38) 
have prepared rnore stable specimens of the 
liquid monomer by depolymensation of para, 
formaldehyde and separation of water in a senes 
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of cooled traps. Anhvdrons formaldeiiyde gas 
is stable at SO— lOO C. at Trliicb temperature it 
slio'srs little deviation from the gas lavrs. The 
gas at room temperature is quite soluble in 
methanol and very soluble in -srater. Gaseous 
formaldehyde decomposes at temperatures above 
500'C., mainly into carbon monoxide and 
hydrogen (Bone and Smith. J.C.S. 1905, 87, 
910), this reaction being accelerated by numerous 
catalysts (llaHer, Ber. 1921, 54 '[B], 3214; 
Tropsch, Otto and Roelen, Abh. Kennt. Kohle, 
1925, 7, 15, 25 ; Medvedev and Robinson, Trans. 
Karpov Inst. Chem., 192-5, 4, 117). 

The foUo'vring physical constants have been 
recorded : 

Liquid •moriomr.r, b.p. — 21'^C. (Kebule, Z.c.); 
-19-2^ at 760 mm. (Spence and Wild, J.C.S. 
1935, 507) ; m.p.— 92'C. (Harries, Ber. 1901, 34, 
635) ; — IIS'C. (Spence and Wdd, Z.c. ; latent 
heat of vaporisation, 5,160 g.-caL/mol. (ilaliand 
Ghosh, J. Indian Chem. Soc. 1924, 1, 37) ; 5,570 
g.-caL/moL (Spence and Wild, .Z.c.); density, 
0-S153 at — 20^C. (Kekule) ; vapour pressure- 
temperature relationship 

logio patm.=— 1429/T-rl-75 log T 

-0-0063T-;-3-0177 

(Spence and Wild, Z.c.). 

.Gasions rrionomer . — Heat of formation, 25,400 
g.-cal. (Delepine, Ann. chim. phys. 1893, [vii]. 
15, 554 ; Compt. rend. 1S97, 124, 1525) ; heat 
of formation at constant volume, 27,800 g.-cal. 
(von Wartenberg, Muchlinski and Riedler, Z. 
ange— . Chem. 1924, 37, 457 ; von Wartenberg, 
1925, 38, 591) ; heat of solution in vrater, 
15,400 g.-taL (Delepine). 

ApiTEOrS SOLUXIOIfS or FoSilALnSKTOE. 

Formaldehyde is available commercially in the 
form of its aqueons solutions, tvhich alvrays con- 
tain appreciable amounts (7-13%) of methanol 
to prevent the deposition of vrater-insoluble 
polymers. The 40^0 formaldehyde of com- 
merce contains 36-35% by vreight of form- 
aldehyde ; the product required by the British 
PharmacopcEia should contain 36-3S g. per 
100 c.c. and have a sp.gr. of 1-030. To inhibit 
the formation of polymers, it has been proposed 
to add substances such as sodium soaps (Hirch- 
berg, BJP. 211943, 1922), urea (Canadian In- 
dustries, Ltd., Canad. P. 341481, 1933), 

hvdrcKren sulphide (Du Pont de Kemonrs Sc Co., 
B'B. 427423, 1933 ; U.S.P. 2002243, 1932) and 
vrater-solnble nitrogen compounds such as j 
thiourea (Du Pont de Nemours & Co., B.P. I 
428S71, 1933). The addition of 10-15% of 
glvcerol and sufficient altali to give a distinctly 
alkaline reaction is also claimed as a method of 
stabilising concentrated aqueous solutions (In- 
ternational Chem. Co., F.P. 544293). Form- 
aldehyde solutions for pharmaceutical purposes 
are prepared by distillation in copper stills •with 
addition of lime to the distillate in order to 
neutralise formic acid. 

The fono-vrins values of for methanol-free 
formaldehyde solutions are given by von 
Wartenberg and Lemer-Steinberg (Z. angeTv. 
Chem. '1925, 38, 591). 


C 4 • 

CH»0 per 
lOO g. 

g. CH.O per 
lOO'cc. 

1-000 

0*5 

0*5 

1-010 

3-7 

3-S 

1-020 

7-0 

7-1 

1-030 

10-2 

10-5 

1-040 

13-4 

14-0 

1-050 

16-7 

17-5 

1-060 

19-8 

2J-0 

1-070 

23-0 

24-6 

1-OSO 

26-2 ' 

28-3 

1-085 j 

27-S 

30-1 

1-090 

29-3 

32-0 

1-095 

30-9 

33-8 

MOO 

32-5 

f 35-7 

1-105 • 

34-0 

37-6 

1-110 

35-6 

39-5 

Mlo 

37-2 

41-4 

1-120 

3S-7 

43-4 

1-125 

40-3 

45-3 


The presence of methanol considerably re- 
duces the density of formaldehyde solutions, as 
may be seen fix)m the foBovring figures (data 
quoted fay Ullmann, “ Enzyklopadie der tech- 
nischen Cbemie, 1930, vol. 5; see also Mane, 
Pharm. Zts. 1918, 63, 197 ; Gradenvritz, ibid. 
241). 

TaLns OF dj®. 

FonTialdehyde, % , 

Methanol 1 

j so 32 St I 36 ! 33 40 


0 1-0940, 1-10031 1-1066 1-1I2S! — — 

2 1-0392,1-0953 1-1015 1-1077 — — 

4 1-0347 1-0903,1-0969 1-1030 — — 

I 6 1-0799 1-0360 1-0921 1-0933, 1-1045 — 

1 8 1-0755 1-0S15 1-0375 1-0935 1-0996' 1-103S 

I 10 1-Oni 1-0770 1-0329 1-OSSS 1-0947| 1-1006 

[ 12 1-0654! 1-0721 1-0779 1-0336 1-0394 1-0952 

i 14 1-0613,' 1-0674 1-0730 1-0787 1-0343; 1-0399 

1 16 1-0573 1-0623 l-06Si 1-0740 1-0796; 1-0352 

I IS 1-05271 1-0530, 1-063^ 1-0691 1-0747 — 

20 l-04Sl| 1-0534| l-05S7j l-064l| l-0693j — 

Tbe beat of solution of formaldehyde in -svater 
is 15,400 g.-caL per mol. (Delepine, Z.c.), the 
heat of formation of aqueous formMdehyde being 
40,300 g.-caL (Delepine). 

Information on the concentration of form- 
aldehyde solutions by distillation is conflicting. 
Thus, ifhiTp Auerbach (Arb. Kais. Gresundh. 
1905, 22, 584) found that the boning point of 
aqueous solutions decreased -svith increasing 
formaldehyde concentrations up to 30% and 
then remained practically constant, Gibson and 
Wilkinson (J- Amer. Chem. Soc. 1921, 43, 695) 
concluded that an 8% solution constituted a 
constant boiling mixture and that distillation of 
solutions belovr S^o gaxe distiilates more con- 
centrated than the residual h'qm'd. On the 
other hand, Ledbury and Blair (Z.c.) fractionated 
methanol-fiee formaldehyde solutions in a 5- 
section Young column and found that a 30% 
solution approximates to a constant boiling 
mixture (b.p. 9S-YC. at 760 mm.) ; so that 


y 
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it IS possible to concentrate formaldebyde m 
the distillate or m the residue, dependii^ on 
whether the concentrations of the initial sola 
tion are respectively below or above 30% 
Quite different results are recorded by Zimm^i 
(Ind Eng Chem 1027, 19 624), who was able 
to concentrate formaldehyde solutions to yi^ 
distillates with a maximum content of 66% 
of formaldehyde by usmg an 8 ft packed column 
and high reflux ratios Even weak solutions 
could be concentrated, leavmg a residue entirely 
free from formaldehyde Zimmetb believed that 
the formation of methylene glycol, CH 2 (OH) 2 , 
was responsible for this fractionation, a 66% 
formaldehyde (b p 99®C ) corresponding to 90% 
of the hypothetical glycol, the existence of 
which has also been inferred from physical and 
chemical evidence 

It has been shown hy Korsbev and Rossinkaja 
(J Chem Ind Russ 1836, 12, 610, 721) that 
fomardehyda can be concentrated by disti/ 
lation under reduced pressure, the distillate 
vapours being much poorer m formaldehyde 
than under atmospheric pressure Thus, the 
vapours evolved on distillation of 7% 17% and 
2S% aqueous formaldehyde solutions at 21 mm 
contain 0 40%, 1 41% and 4 60% of form 
aldehyde respectively while the corresponding 
concentrations for dutiUation at 1 atmosphere 
are 6 95 14 96 and 22 8% The addition of 
calcium chloride in atmospheric pressure dis 
tiUatiOQ increases the concentration of form 
aldehyde m the vapours so that a 13% aqueous 
form^dehyde can be made to yield directly a 
distillate contaming 37% of formaldehyde For 
the concentration of very dilute eolutions, it is 
proposed to remove part of the water by ^ 
tiUation at 32^C and 30 mm and then distil 
the residue with the addition of calcium chlonde 
to furmsh a distillate eontaioing 37% form 
aldehyde 

Keduction m free acidity to below 0 01% by 
weight, calculated as formic acid, follow^ by 
concentration under reduced pressure, has been 
jirojiosed (Deuts Gold u Silber Scheideanstalt. 
vorm Boessler, B P 447050, 1936) Smith 
(USF 2016180) obtams concentrate form 
aldehyde solutions by distilling aqueous form 
aldehyde with substances, such as calcium 
chloride, which raise the boilmg point of the 
solution above the decomposition pomt of the 
formaldehyde polymers, and collecting the first 
fractions With a view to decomposing Poly 
meric forma and thus mcreaamg the form 
aldehyde concentration m the vapour phase, 
distillation under increased pressnres has been 
advocated particularly in the presence of a salt 
or an acid or acidic salt (Deuts Gold u Sllbec 
Scheideanstalt vorm Roessler, B P 471762, 
1937 , Roessler and Hasslacher, Chem Co , 
U SP 1905033, 1933) Ledbury and Blair have 
found that pressure distillation m the presence 
of iron, monel metal and lead mvolve# con 
siderable decomposition of formaldehyde in 
aqueous solutions, but nickel aluminium and 
copper are less objectionablein this respect 

The partial pressures of formaldehyde m 
aqueous eolations of &-40% concentrations and 
at temperatures ofO-^5®C have been determmed 
by l^bury and Blair, usmg a dynamic method. 


The presence of methanol increases the partial 
pressures of formaldehyde m this range of con 
I centration and temperature Accor^g to 
Walker (J Physical Chem 1931, 35, 1104) the 
partial pressure of formaldehyde is much less 
than would be expected on the basis of Henry a 
I law and appears to be proportional to the con 
centration of methylene glycol 

Chemical evidence, already referred to, of the 
existence of hydrated forms of formaldehyde m 
aqueous solution is supported by a number of 
pbysioo chemical data including cryoscopio 
molecular weight measurements, Raman spectra 
and absorption spectra In dilute aqueous eolu 
tions, formaldehyde exists apparently almost 
, entirely m the form of methylene glycol but in 
more concentrated solutions, this monohydiate 
13 IQ equilibrium with other hydrates such as 
I (CH20)3HjOor 

1 HDCHjOCH^DCHgOH. 

According to Auerbach and Barschall (Arb 
Kais Gesundh Amt 1905, 22, 584) methylene 
glycol and tnmethyleneglycol are the only 
hydrates present in solutions containing up to 
34% formaldehyde Higher polymerised hy 
drates, or hydrated polymers, are formed very 
readily from more concentrated solutions and 
tend to be precipitated in sohd form When a 
concentrated formaldehyde solution is diluted 
with water, the polymerised hydrates dissociate 
into methylene glycol hut equilibrium is only 
obtained after several hours at room temperature 
(Walker, Ind Eng Cbem 1931, S3 1220) 

POLYUBBS or FOBMALDBgYDB 

Two entirely different types of formaldehyde 
polymers must be distingiushed namely (i) true 
polymers of the general formula (CHgOln and 
(u)hydrated polymers of the type (CH,0)n HjO, 
most of which have the constitution of poly 
methyleneglycols, namely, 

HO CHg[0 CHg]ftOH 
Only substances of the second type are of m 
dustnal importance 

Paraformaldehyde, a substance of considerable 
techmeal importance, consists of a mixture of 
polymetbyleneglycols of the formula 
(CH,0)„ HjO 

where n vanes between 6 and 60 according to 
the degree of polymerisation (Staudinger, 
Anoalen, 1929, 474, 241, 250) It is a white 
: amorphous powder, melting at 120-130°C 
'(sealed tube) and smelling strongly of form 
aldehyde, with a formaldehyde content of about 
95% It dissolves slowly in cold water, more 
rapidly on warming to yield solutions which 
tend to be transformed into aqueous form 
aldehyde , this transformation is said to be very 
rapid on heating It is insoluble in alcohol and 
ether 

Paraformaldehyde is slowly precipitated at 
' ordinaiy temperatures from formaldehyde eolu 
tions of more than 30% strength, at lower 
temperatures the limiting concentration is lower 
j Several mdustnal methods of preparation have 
I been desenbed. the main object being the pre 



319 


, FOP.JIAIx 

parstioii of a prodnct as soluble in frster as 
possible and fr&s from insoluble poljmers. In 
a rnetbod described br SciirTTzer (Cbem.-Ztg. 
1930, 75. 2S. 45), aqueoas formaldehyde is 
distilled to the extent of about 60^^ in an 
enamelled iron vessel and the residue is trans- 
ferred to a secorrd enamelled vessel vhere it is 
agitated for 4S hours at 5-10‘C. to yield a solid 
mass of paraformaldehyde. Patented methods 
of preparation include evaporation of form- 
aldehyde solntio:is at Io~ temperatures either 
under reduced pressure (Richter, F-P. 760075, 
1933 ; Nasch, B.P.-42>T993, 1932) or by addins 
substances forming lotr-boLhng aseotropes ^th 
vater (Dents. Gold- n. Silter-Scheideanstalt, 
vorm Eoessler, B.P. 375744). Paraformalde- 
hyde is also produced by slo— ly cooling a 55- 
65% aqueous formaldehyde solution at a rate 
of 1-3^C. per hour, preferably in the presence of 
an electrolyte (Dents. Gold- n. SHher-Scheidean- 
stalt, vorm Eoessler, B.P. 421691, 1933). 

c-PoJytxryr:cir.y’cr.e is a mixture of hydrated 
poiymem szmSar to paraformaldehyde hut 
having a higher degree of polymerisation, the 
values of n in the formula (CH,0)r.-H,0 being 
100 or over (Standinser, Annalen. 1929, 47C 
241, 250; Mannich, Ber. 1919, 52 [Bj. 160). 
Like paraformaldehyde, it dissolves readily in 
dilnte alkalies and in sodium sulphite solutions. 
Hovever, it is less soluble in vater than para- 
formaldehyde and has a higher melting-point, 
e.g. 160-lfe-C. in a sealed tube. On heating in 
an open tube it is transformed into gaseous form- 
aldehyde vrithout melting, vhile its aqueous 
solutions undergo slorr depolymerisation to form- 
aldehyde. Solutions of paraformaldehyde and 
c-polyosymethylene can be used in place of 
formaldehyde in most chemical reactions. It is 
prepared by the action of dehydrating agents on 
aqueous formaldehyde solutions, e.g. by adding 
1 voL of cone, sulphuric acid to 10 vol. of 3S% 
formaldehyde solution- The prodnct is vashed 
vrth water and, after drying over phosphorus 
pentoxide, contains about 95^/o of available 
formaldehyde (Staudinger, l.c.). A similar 
polymer can be prepared by the action of 
such as sodium or potassium hydroxide^ 
on formaldehyde solutions. By treating a 50- 
60"% aqueous solution of formaldehyde with a 
few parts per thousand of inorganic or o^anic 
basic material such as ammonia, amines or 
urea, a crystalline product is said to be ob- 
tained, which after vacuum drying, contains 
0-5-l-5% of combined water (Kriet, F-P. 
765540, 1933). Solid granular polymers are 
obtain^ by treating 45% formaldehyde solu- 
tions with a small smonnt of dilnte sodium 
carbonate below 60^0. (LG'. Farhenind- A.-G., 
BJP. S0325S, 1927), or fiom solutions containing 
25%, or less, formaldehyde by addition of sul- 
phutic or phosphoric adds of at least 2% con- 
centration at temperatures below 60'^C. (ScHIt, 

B 34266S, 1929). 

^Poiyox^.eihulene is .tiTnilar to the above- 
mentioned' polymers bnt has probably a higher 
degree of polymerisation. It is piodnced by 
treating 10 voL of 40^o formaldehyde with 4 voL 
of concentrated sulphuric add- The polymer 
alwavs contains a small amount of sulphnnc 
add not removed by water washing and probably 


combined in the form of sulphuric add deriva- 
tives of the higher polymethyleneglycols. It 
is insoluble in alcohol and ether, slishtiv soluble 
in vnter (3-3% at 1S= and 4% at 25'^C.);but dis- 
solves in aqueous sodium sulphite. Heating in 
an opon tube converts it partly into gaseous 
formaldehyde and partly into a-trioxymethv- 
lene; in a sealed tube it melts at 163-16S'C. 
(Auerbach). 

y-PciyoxymdJiu^.er.c is produced along with a- 
and ^-polyoxymethylenes by the action of 4 voL 
of concentrated sulphuric add on 10 vol. of 
formaldehyde solution containing methanoL 
This substance is not a true polymer of form- 
aldehyde since Staudinger has shown that it 
contains combined methanol, probably in the 
form ot dimethyl ethers of polymethylene- 
glycols. In agreement with this structure, 
polyoxymethylene is scarcely soluble in water 
and does not dissolve in dilute alkalies or 
sodium sulphite so that it is readily separated 
fiom c- and ^-polyorvmethvlenes. It melts at 
16a-16S‘^C. in a sealed tube. By prolonged 
action of boiling water it is converted into 
Z-polyoxyrr.tir.ylcne, a change which is repre- 
sented Staudinger as follows : 

CH 30 -[CH,- 0 ]n-CH,- 0 -CH,- 0 CH 3 

CH3b-[CHjO]n-CH.-CH(OH)-OCH,. 

This S-polymer is insoluble in water, sodium sul- 
phite solution, alcohol and ether. It melts at 
i69-170'C. in an open tube without decomposi- 
tion, but at higher temperatures it yields 
formaldehyde. 

€~Pclyort/milhyleT.e is the name given to an 
amorphous polymer melting at 195-200'C. and 
insoluble in water and alkaline solutions. This 
substance was discovered by Hammick and 
Boeree (.J.C.S. 1922, 121, 273S) but its constitu- 
tion is not definitely known. Its composition 
corresponds with a true polyoxymethylene, i.e. 
with (CH,0}n, bnt in its physical properties it 
bears a closer resemblance to the polymethylene 
glycols or hydrated polymers. 

The true polyox v methylenes of the formula 
(CHjO)„ differ fiom the hydrated polymers in 
not containing combined water, methanol or 
sulphuric acid. On thermal decomposition, the 
former yield gaseous monomeric formaldehyde, 
while the latter give partially polymerised 
vapours. So far, orfy two members of the true 
poly osym ethylene type have been described, 
namely o-trioxymethylene and tetraoxymeth- 
lene. 

e.-TricKcymeihyle'ne is obtained in 10% yield by 
sublimation fiom a mixture of 10 parts of para- 
formaldehyde and 1 part of 50% sulphuric acid 
in an evacuated and sealed tube. It is also pro- 
duced bv subliming ^-polyoxymethylene, the 
sulphuric acid content of whi^ probably acts 
as a catalyst. The purified compound is a 
crystalline solid melting at 64'^C. with a smell 
somewhat resembling that of chloroform. It is 
insolnble in water, aqneons alkaline or. sodium 
sulphite solutions, slightly soluble in light 
petiolenm and soluble in numerous organic sol- 
vents. It fails to give the characteristic form- 
aldehyde reactions with Schiff’s reagent or 
ammoniacal silver nitrate and is converted by 
sulphnryl chloride into chloracetic acid. The 
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vapour of tlie compound, which is stable up to 
about 200*C , has a density corresponding to 
(CHjO)j The polymer probably has the <yclic 
structure 


CH- 



CHg CHj 

(Auerbach and Barschall, Arb Kais, Gesondh 
Amt 1907, 27, 182, Hammich and Boeree./d) 
TttraoxymRlhyltnfv.a3 obtained by Stau^nger 
and Luthy (Helv Chim Acta, 1925, 8, 65) by 
heating an insoluble polyoxymethylene diace 
tate at 150°C in vacuo It la a crystalhne sohd, 
m p 112®, with a vapour density corresponding 
to a tetramer of formaldehyde, (CH^O), 

»!7n'£i£i'i«ii3 jPziwmiaa' -sr 
Oxidation of formaldehyde yields formic acid 
and its degradation products depending upon 
the conditions Treatment of 30% formalde 
hyde solutions with oxygen m the presence of 
platinum gives carbon ^oxide and water, while 
sodium hypochlorite oxidises it to formic acid 
(Dehn, J Amer Chem Soc 1909,31,1229) In 
dilute sulphuric acid solution, electrolytic oxida 
tion gives formic acid and oxides of carbon (Law, 
J Amer Chem Soo 1905,87,199), in alkaline 
solution formic acid and hydrogen (Muller, Z 
angew Chem 1922, 35, 689) are formed In 
aqueous alkaline solution, formaldehyde is 
oxidised by hydrogen peroxide to yield sodium 
formate and hydrogen, a reaction which has 
been made the basis of an accurate quantitative 
method of estimation (Blank and Fmkenbemer, 
Ber 189S, 31 2979) Ilieche and Meister (tbid 
1935, 68 [B] 1465) havo shown that in an 
hydrous media liydrogen peroxide combines with 
formaldehyde to give hydroxymethyl hydro 
peroxide, a relatively stable oil 
Formaldehyde is a strong reducing agent and 
in alkshne solutions can reduce salta of many 
metals, including the noble metals, mercury, 
bismuth, iron, osmium, etc , with precipitation 
of the free clement In strong alkshne emutions 
of formaldehyde, silver oxide and cuprous oxide 
catnip se the evolution of hydrogen in accordance 
with the equation 

CHjO+NaOH = H COjNa+H, 
(Vanino, tbid 1903, 36, 3304) 

Even in dilute aqueous solutions, formalde 
hyde combines with ammonia to yield tbe 
monoacid base, hexamelhyltntleirattuTte m ac 
cordanco with the equation 

6CH,O+4NH5=N4{CH,),+ 0H,O. 

This technically important material is a white 
ciystallme solid, soluble m water and alcohol 
but insoluble in ether Its production has been 
made the basis of a titnmctnc method of deter 
mining formaldehyde (Legler, i6»d 1883, 16. 
1933, Ix)cw, J. pr. Chem 1880, [ii], 33, 326) 
Passage of ammonia into a strong, well cooled, 
aqueous solution of formaldehyde yields a 
colourless oil, possibly tn (b>drox^metb}I) 


amine, which readily changes to hexamethylene 
tetramme 

With hydrogen sulphide, formaldehyde yields 
tumeric thioformaldehyde, (CHjS) Formalde 
hyde oxime, b p 84-85°C , is readily poly 
merised to a tnmer, (CHjNOHlj Fummg 
sulpbunc acid and tnozymethylenegivemethy 
lene sulphate 

CH, SO, 

Xo/' 

(DeMpine, Compt rend 1899, 129, 831) With 
hydrogen chloride a vanety of compounds are 
formed, including chloromethyl ether, dichloro 
methyl ether, monoehloromethyl alcohol and di 
{eMoromethoxy) methane The preparation of 
fiuoromeihyl alcohol from hydrogen fluoride and 
formaldehyde has been aisclosed with a view 
to its use as a bactencide and fungicide (Meyer, 
OP 

Sodium bisulphite combines with formalde 
hyde to yield the compound 

CHjO NaHSOjiHjO, 
readily soluble m water and methyl alcohol and 
leas soluble in ethyl alcohol It is reduced to 
(CHjO), NajSjOi {" Hyraldite") and sodium 
fbrmaldenyde sulphoxylate, 

HOCHjOSONa2H20 
("Rongahte 0"), both of which are of industrial 
importance 

Depending upon the experimental conditions, 
alkalme reagents convert formaldehyde into 
methyl alcohol and formic acid (Cannizzaro 
reaction), or into a mixture of hexoses, including 
a acrose, as well as intermediate products such 
fts glyceUaJdehyde and dihydroxyacetone In 
general, strong bases and concentrated form 
aldehyde solutions favour the Canmzzaro re 
action while weak bases, such as calcium car 
bonate or lead oxide, and dilute formaldehyde 
solutions, yield products of the modified aldol 
condensation 

, Formaldehyde is capable of reacting with 
almost all types of organic compounds, in 
eluding hydrocarbons, carbohydrates, aldehydes, 
ketones, carboxylic acids, esters alcohols, 
phenols, ammes, hydrocyamc acid, hydrazines, 
bydrozylammes, urea, mtro compounds, amides 
and protems In many of these reactions 
formaldehyde combines with an addendum 
RH to yield first methylol derivatives, 
RCHjOH and then RCHjR. Thus, with 
acid amides, compounds of the typo 

RCO NH CHjOH and (R CO NHljCH, 
are formed Combination of formaldehyde with 
pnmary aliphatic amines gives alkylamino 
methanols, RNHCH-OH, which are de 
hydrated by solid al^hs to (RN CHj)}, 
probably havmg a cyclic structure, 

CH, NRCH, NRCHjrilR. 
Secondary amines combine by typical reactions 
togivefirstRjN CH, OHanatbenCH,(N^), 
Examples of the introduction of the — CH, OH 
group mto nitrogen bases are the reaction with 
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Kpx...Iai^e to jisia CgHj-CH.-NH-CH.-OH r acd in glsdsl scetio add soliition to Yield ^arrl- 

1 f-f Kr'lJ TVG-» tYT-t? 40 T““» t tT. t t ^ . ** _• 


Soc. c -jn . lS.o,[i!ij, 13, lot) ana j csthane tydrocarlions (Baeyer, Ber. 1S72— 74). 
-ivii carD^o.2 to_jic!d N'-meivIol cserbazole t In the presence of a large proportion of form- 



alists as a trfxcer, probably of cydio stract ure 
and also in a higher polymeric form- In the 
presence of dilnte alkaH, cionili nor" sthcna, 
CH.(N’H-C 4 Hj)j, is formed. Both anhydro- 
fbrmalnehydeaiiiline and dianHinomethane'com- 
bine mith anilrre. on heating trtth anUxe hydro- 
chlcrrde to yield mainly 4:4^-<iiaminodinhenvI- 
metnane. f-r— il-- reactions occnr tnth c- 
tolnidine and p-tolnidme (llorgan, .J.S.C.L 1530, 
49, 245T). Stiii more complex reaction pro- 
dncts have been isolated from the reaction 
bettraen formaldehyde and p-tolnidine (Troger, 
J. pr. Chem. IS 57, [ii]. 35. 227 ; IVagner, J. 
Amer. Chem. Soc. 15^, 57, 1295). Reaction 
of formaldehyde trith dimethylaniiine gives 

ferr aT- ethyr-.e-S.'- nvar-fn odm^-— rfr-c^nsnOj p.n 

imn-:rtant dye intermediate. The condensa- 
tion of formaldehyde vith phenols is a reaction 
of the greatest technical importance in the 

in the presence of acidic catalysts yields fnsible 
soinble resins bttt a ncmher of simple inter- 
mediate Eabstances7 inclndiag hydroxylated di- 
phenylmethanes, have been isolated (Baekeland 
and Bender, Ind- Eng. Chem., 1925, 17, 225; 
ITegson andDrtnnmorS, J.S.C-L 1930, 49, 2511). 
Alkaline condendng agents favottr the prodnc- 
tioa of insolnble resins, bnt intermediate crystal- 
irns snbsrances in vhich the methylol gronp 
has been intrcdaced into the phenolic molscnle, 
snch as c-hydrosyhenzyl alcohol, have been 
is-olated (Lederer and lianassa, Ber. IS94, 27, 
2411 ; ifecson and Drummond 7.C.). 

In its ccndensation vrirh aldehydes and ketar.ss 
cnder the infnence of alkaline reagents, resinotLs 
prodncts are csnaHy formed, ahhongh inter- 
msaiates ran often be isolated. The reaction 
anparentiv proceeds by repeated introdcctian of 
methylol gronns at the carbon atom adjacent to 
the CO grtmti. Thns, y-ketobntyl alcohol and 
bis-hydroiym*ethyl-tetrahydro-y-pyrone have 
been isolated &om the prodncts of condsnsatio: 


caldehvdeandecetone. Unde 


lilarcir- 


cnmstances methyl ethyl ketone yields y-keto-^- 
metigi ba t yl alcohoL 

CH,-CO-CH(CH,)-CH,-OH, 

and y - keto - ^hvdroxymethvi-^-msthylfantyl 
alcohol, CH,-CO-C{CHJ-(CH,OH)i- (ITorgan 
and Hblm^, J.C.S. 1932, 2657; aee alio 
Deeombe, Compt. tend- 1935. 203, 1077}.^ Con- 
densation of formaldehyde pith acetddehyce 
in alkaline media vields dnaBy pentaerythritol, 
C(CHj-6h)/. a snbstance of iinpor^ce in the 
Tng.TiTrrff i - '* n -r^ of enplosives. In this reaction, 
three methvlol groups are introonced into the 
acetaldehyde molecnls, vitli the simnltaneons 
redcction of the aldehyde gronp. In the 
presence of potassinm bicarbonate, three 
msthydol groups are inrrodnced into the nitro- 
methane molscnle to yield- N 02 "C(CH.* 0 H}^ 
Eormaldehvde 1^ condensed v-Iih aromatic 
hydrocarbons in the presence of snlphnnc acid 
Von. V.— 21 


Eesms,” 1935, VoL 1, pp. 263-267). Addition of 
formaldehyde to nnsatnrated hydrocarbons in 
the presence of salphnric add as catalyst takes 
place in accordance vith the scheme 

>C«=C<-f-CH,(OK), 

^ >C(CHiOH)-C{OH)< 

l:3-glycoIs being formed. Thns styrene and 
formaldehyde in acetic add solntion yield 2- 
phenyl-l:3-propyIene glycol and its methylene 
ether (Brins, Pine. Acad. Sd. Amsterdam, 1919, 
22, 51). Propylene and formaldehyde ErmOarlv 
give l:3-birtylene glycoL 
Like other aldehydes, formaldehyde yields 
acetals on reaction vrith alcohols in the presence 
of acid catalysts. Vith 1:2- and I:3-gIycoIs, 
cyclic acetals are prodneed of the type 

CH,— Ov.^ 
f >CH2. 

By heating together ammoninm salts and 
aqneons formaldehyde, the ammonia tmdergoes 
methylation vith the production of carbon 
dioxide and salts of monomethylamine and tri- 
methylamine (Brochet and CJambier, BnlL Soc. 
chim. 1S95, [iii], 13, 533; Compt. rend. 1895, 
120, 557 ; Eoeppen, Ber. 1905, 38, 882). 
Primary and secondary aliphatic amines may 
also be methylated in a sS-rnTT^r manner, ilix- 
tdres of formaldehyde, formic add and amines 
react ha accordance vdth the foDoping equation : 

H-COOH 

=RjN-CH 3 -fC 0 j-fH 50 . 

(Somraelet and Ferrand, BnlL Soc. chim. 1924, 
[rvj, 35, 446 ; Clarke, GiUespie and Weisshans, 
Amer. Chem. Soc. 1933, 55, •4571). 

4rcfu3ir. — For the qualitative detection of 
formaldehyde, a large number of tests have been 
advanced, most of phich are colour reactions. 
These include the formation of a red colour 
(changed to bluish-violet by addition of hydro- 
chloric add) pith Schin' e reagent ; reaction pith 
phloro^ucin in alcoholic aTk-ali solution to give 
red. colour; development ofayellop" colour. later 
to red, in presence of resorcinol and 
sulphuric add ; as P’dl as reaction pith phenyl- 
hydrazine and sodium nitroprnsside in alkaKne 
solution. Host of the above reactions -are suit- 
able for detecting formaldehyde in dilntions of 
1:50,000 (Sabalitschka and Hamisch, Z. anal. 
Chem. 1527, 70. 67 ; cf. Food Pbesesvatives, 
P.2S7). Othertests for formaldehyde indude the 
formation of a sB-ver mirror fium alkaline silver 
solutions, and the formation of characteristic 
derivatives sneh as anhydroformaldehydeaniline, 
hexamethylenetetramine and forma!dehyde-_p- 
nitrophenylhydrazone. 

0£ the "numerons methods advanced for the 
cuanritatfve determination of formaldehydes 
that of Legler (Ber. 18S3, 16, 1335), based on the 
formation'" of hexamethylenetetramine, give. 


RjNH 


-CHjOh 
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slightly low results The accurate method of| 
Blank and Finkenhemer (tbid 1898, 31, 2979, 
1899, 32, 2141) depends upon the oxidation of 
formaldehyde by hydrogen peroxide in alkaline 
solution according to the equation, 
2CH20+2Na0H+Hj0j 

=2H C02Na+Hj+2H,0, 
the excess alkali being determined by titratiim 
In alkahne solution, formaldehyde is oxidised 
to formic acid by iodine, 2 atomic proportions of 
which are equivalent to 1 mol of formaldehyde 
This IS the basis of Romijn s method (Z anal 
Ghem 1897, 36, 18) which, however, fails m 
the presence of acetaldehyde Another method, 
improved by Schulek (Ber 1925, 68 732), 
depends on the combination of formaldehyde 
with potassium cyamde to form glycoUomtnle, 
subsequently hydrolysed to potassium glycol 
late This is said to be very satisfactory even 
in the presence of other aldehydes For deter 
mimng formaldehyde m dilute solutions. 
Orchard (Analyst, 1897, 22, 4) has proposed a 
method based on the reaction with an am 
momacal silver solution, the excess silver being 
found volumetrically Methods based on the 
combination of formaldehyde with sodium sul 
phite according to the equation, 
CH.O+Na.SO.+ HjO 

«CHjO NaHSO,+ NaOH, 
with titration of the alkah liberated, are not 
satisfactory m the presence of other aldehydes 
For a review of the subject, see Mach and Herr 
mann, Z anal Chem 1923, 63, 417 

Uses or Forualdehyde 
Formaldehyde is employed extensively in 
mdustry and is to day one of the most important 
organic chemicals of commerce Very large 
quantities, amounting to thousands of tons per 
annum, are employed m the manufacture of 
synthetic resms and lacquers by condensation 
with phenols or urea Condensation products of 
formaldehyde with various natural products, 
including casern, gelatm and yeast, with or 
without phenol or urea, are also empfoy^ ex 
tensively as resins The most important syn 
thetic resins arc, however, those produced from 
formaldehyde and phenol, alkylphenols or urea 
On account of its intense chemical reactivity, 
this substance is used very extensively as an 
mtermediate in the manufacture of dye eluOs, 
such as mdigo, rosamlme, auramine, acndine 
dyes, etc , for the production of pentaerythntol 
for explosives, and of numerous other chemieab 
Substances such as paraformaldehyde, sodium 
formaldehyde bisulphite and sodium formalde 
bydesulphoxylato also find extensive application 
in dyemg, bleachmg, caheo pnnting, etc 
tor the antiseptic properties of formaldehyde 
(p DisrNrECTA>T3, Vol lV,2Cc) Manyphanna 
ceutical preparations containing formaldehyde, 
admixed or combmed with other matenab, 
have been placed on the market as medicmea, 
general antiseptics, deodorants and internal 
antiseptics iormaldehyde in 2-2 5% aqueous 
solution is employed m the disinfection of wool 
and hairs, and is said to be the most economical 
and efficient material for combating the anthrax 
bacillus It is useful as a disinfectant 


breweries, sugar refineries and stables for com 
bating parasites in both plants and animab, in 
agncidture and gardemng for the partial stenh 
sation of soib, particularly for the intensive 
cultivation of tomatoes and cucumbers and for 
many similar purposes Its use in food pre 
servation has been almost umversally pro 
hibited, but it 13 valuable in the preservation of 
anatomical and histological specimens and 
for fixing bacterial growths in gelatine 
On account of its ability to render gelatine and 
glue permanently insoluble, formaldehyde is 
used in the textile and paper industries for the 
waterproofing of fabnes and the fixing of glues 
and sizes, also m photography An important 
apphcation of formaldehyde m the textile in 
dustiy IS for increasing the fastness of dyes 
towards washing Its hardening effect on pro 
terns IS utihsed in the tanning of leather and 
treatment of silk Viscose sUk fibres were at 
one time hardened and thus strengthened by 
means of formaldehyde (Sthenosismg) 

H M S 

'•FORMALIN " {V Vol IV, 26c) 

FORMALS (v Vol I, 34o) 
FORMAMIDE, HCO NH,. is obtained by 
the action of ammoma or urea and/or heat on 
ammomum formate or by the action of ammonia 
on formic alkyl esters (B P 476942) It is abo 
formed by the interaction of carbon monoxide 
and ammoma in ultra violet light, m an electric 
discharge, or even m presence of an alkali 
alkozide (U S P 1787483) Laboratory pre 
paratioQS of formamide have been reviewed by 
Magill(Ind Eng Chem 1934,26,611) 
Formamide is a hygroscopic bqmd, m p +4^ 
b p 105-106*/10 mm It may be de^drated to 
bvdrocyamo acid and readily hydrolysed by 
alkab into formates and ammoma Replace 
ment of the amido hydrogen atoms may be 
effected to give simple metallic derivatives, but 
direct action of alkali metab affords derivatives 
of diformaiDide (HCO)gNH (Rakshit, JCS, 
1913, 103, 1557) 

Formamide has been ezammed as a fertihsec 
(BehliDg and Tayror, J Amer Soc Agron 1037, 
29 134) and compares favourably with am 
momum salts and urea (Brown and Beid, Soil 
Set 1937, 43, 341) 

FORMAMIDINE, NH CH NH,, is ob 
tamed from the hydrochloride of formimide or 
from dichloromethylformamidine by treating 
with absolute alcohol (Gautier, Ann Chim Fhys 
1869, [iv], 17, 133), or by the action of ammonia 
on formimino ethers Only salts of formamidine 
are known, e g the bydrochlonde, CH4N11HCI, 
m p 81°, as the free base decomposes into its 
formates and ammonia when liberated from its 
salts The salts themselves decompose on sLght 
heating, e g formamidme hydrochloride yields 
hydrocyame acid and ammomum chloride above 
100 °. 

••FORAMMiNE” (V Vol I. 326a) 

"FORMAN ” Anamoapphedtochloromcthyl 
menthyl ether, CjaH., O CH^CI, formed by the 
action of formaldehyde on menthol in the 
presence of hydrogen chlonde A colourless 
fuming oil, bp 1C0-162°/I6 mm (\Vedebnd, 
Ber, 1901,34, 813) Employed in medicine in 
catarrbous affections of the air passages 
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FORMANILIDE, HCO-NH-CeHs, m.p. 

46°, is obtained by heating aniline with formic 
acid or esters thereof (Hartogs, Hollemann and 
van der Linden, Ber. 1911, 44, 715), with oxalic 
add, etc. The imino hydrogen atom is replace- 
able by sodium, mercury and other metab 
(Comstock, ibid. 1S90, 23, 2274). Halogenation 
with alkali hypohalogenite gives N-halogeno- 
formanilides, but nuclear halogeno-, nitro- and 
other substitution products may be obtained by 
direct substitution. Formanihde b converted 
by hydrochloric acid at 100° into N:N'-diphenyl- 
formamidine, a compound used in the prepara- 
tion of cvanine dyestuffs such as Astraphloxine. 

FORMIC ACID, (H COOH), was dis- 
covered in 1760 by Eey, who obtained it by 
distilling red ants with water. It occurs in 
stinging nettles, in many fluids of animal origin 
such as sweat, urine and muscular plasma, and 
among the products of the bacterial oxidation 
of polyhydric alcohob and of carbohydrates. 
It b formed in the dry dbtilbtion of starch, 
sugar, gum, tartaric and oxahc acids, etc. It 
may be prepared by dbsolving acetylene in 
furning sulphuric acid, dilnting with water, and 
boiling with baryta, the soluble barium formate 
remains in solution. It b best made in the 
bboratory by heating a mixture of crystaUbed 
oxalic acid with anhydrous glycerol (or other 
polyhydric alcohol of high boiling-point). The 
reaction begins at about 80° and carbon dioxide 
b evolved- The temperature is maintained at 
105-110° until the gas evolution sbckens, when 
a firesh quantiiy of oxalic acid b added and the 
proc^ repeated. 

The interpretation of the reaction usually 
accepted b as follows : The oxahc acid decom- 
poses into water, carbon dioxide and formic acid 
which reacts with the glycerol, forming mono- 
formin (HCO'OC 3 H 5 (OH) 2 ) ; on adfition of 
more crystaUbed oxaUc acid, the water of 
crystaUbation hydrolyses the monoformin to 
glycerol and formic acid, which distfls over. 
Monoformin b thus continually formed and 
hydrolysed with the eventual production of 
formic acid of from 87-88% strength (Lorin, 
BulL Soc. chim. 1866, [ii], 5, 7 ; 1873, [ii], 20, 
241; 1875, [u], 24, 22, 436). 

According to Chattaway ( J.C.S., 1914,105, 151; 
1915, 107, 407), glyceryl oxabte and glyceryl 
acid oxabte are the first products of the 
reaction. The latter b unstable at a slightly 
higher temperature and decomposes, giving 
carbon diosdde and monoformin. The further 
addition of oxahc acid dbpbees formic add 
from the monoformin. 

Formic addb now made industrially by direct 
synthesb fix>m steam and carbon monoxide with 
tire aid of a suitable catalyst. The types of 
catalyst which may be used are as fohows : 

(1) Free halogens or hydrogen hahdes with a 

carrier such as activated charcoal. 

(2) Hahdffi, especiahy iodides, of many bi- 

valent metab. 

(3) Xon-vobtile addic oxides or the add salts 

of these with the alkaline earth metab. 

The reaction b usuahy carved out at tempera- 
tures of the order of 200-3CK)°C., but the pres- 
sures employed 'vary within wide limits up 


to as much as 2,000 atm. For detaib of the 
process, see E. I. Du Pont de Kemours & Co., 
B.P. 406344, 406345 ; U.S.P. 1949825, 2001659, 
2023003; Fawcett, Gibson and I.C.I., Ltd., 
B.P. 447492 ; Dreyfc, U.S.P. 2028764, 2028765 
see also A. L. Andrikides, Dissertation, Leipzic^, 
1931. ° 

Formic add b abo obtainable by the hydro- 
generation of carbon dioxide in the presence of an 
amine and a catalyst. “Eaney nickel,” at80°C., 
or sheet brass, at 250°C., may be used. Below 
100°C. the reaction results in the amine salt, 
above thb temperature the anude is formed. 
(Farlow and Adkins, J. Amer. Chem. Soc. 1935, 
57, 2222). Formic esters, which have recently 
become available by synthetic methods (r. 
infra), are a further potential source of the acid. 

Until recently the formates (v. infra) were the 
starting point for the manufacture of formic 
acid. It may be obtained from these by treat- 
ment with mineral acids under suitable con- 
ditions. Thus, sulphuric add may be used if 
the formic add b continuously removed by 
entrainment in the vapour of some vobtile 
hydrocarbon (Schering-Kahlbaum A.-G., GJP. 
583764) ; see also Chem. Zentr. 1912, 1, 1266 ; H, 
163. Alternatively, formates may be treated in 
vacuo with adds or acid salts (Hempel, B.P. 3428, 
1908) or distilled with nitric acid (E. Koepp & 
Co., Oestrich, Eheingau, G.P. 288266 ; Gewerk- 
schaft Victor, G.P. 592054 ; 602999 ; 607379 ; 
Amer. Chem. Abstr. 1934, 28, 2728; 1935, 29, 
818, 1835). By heating in a stfll 1 part of 
sodium formate with 2 parts of sodium hydrogen 
sulphate or other add salt, add from 97 to 98% 
b obtained (Chem. Fabr. Grunau Landshoff and 
Meyer A.-G., B.P. 14438, 1906). A concentrated 
acid b abo obtained by treatfrig alkali formates 
in solution in concentrated formic acid with dry 
hydrogen chloride, adding more formate to take 
up the excess of hydrochloric add, and distilling 
(E. Koepp & Co., Chem. Fabr. A.-G., B.P. 
414312). 

Aqueous formic add may be concentrated by 
distniation in the presence of a high boiling 
organic base which gives acid or neutral formates. 
W ater first dbtib, followed by formic add. The 
efudency of the process b enhanced by adding 
abo a hydrocarbon such as toluene or xylene to 
the mixture distilled (azeotropic distiflation) 
(Luscher and Lonza A.-G., G.P. 614860; E. 
Koepp, F.P. 778930; U.S.P. 2034332). An 
almost anhydrous add b obtained by the 
following procedure. A mixture of technical, 
85% formic add (1 part) with phthalic anhydride 
(3 parts) b heated to the boiling-point and the 
exothermic reaction allowed to subside. It b 
heated for a further 2 hours, then allowed to 
stand overnight and the concentrated add db- 
tified off. Yields of 75-100% are obtained of an 
acid of freezing point 8-05°C.; 1-2198 

(Pryanishnikov and Shakhova, J. Gen. Chem. 
(U.S.SJi.), 1932, 2, 821; Amer. Chem. Abs. 
1933, 27, 2672 ; see also B.P. 308731). Asome- 
■wb&t simiTar process has been described by 
Bitter (Ind. Eng. Chem. 1935, 27, 1224). 

Anhydrous formic add b obtainable by the 
classical method of gently heating lead formate 
with sulphuretted hydrogen. It may abo be 
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prepared by heating the dehydrated sodium salt 
mth anhydrous oxahc acid, by distilling the 
ordinary acid at reduced pressure over anhj^ona 
copper sulphate (Parker, J Amer Chem 8oc 
1911, 46, 236) or phosphoric oxide (Jones, 
J 8 0 1 1919, 38, 362T), or by the method of 
fractional freezing (Ewans, J C S 1914, 105, 352). 
It IS a colourless, shghtly fuming liquid with a 
penetratmg odour, and is mtensely corrosive 
It has b p (corrected) 100 6® , 60®/120 mm , 
mp 8 4®,di*-1 226,<i^® =1220, n’®=13714, 
i=2 4 X 10 * at 25® The vapour pressure of 
the pure acid is at 10°, 19 88 mm , and at 20°, 
33 54 mm (Collidge, J Amer Chem Soc 1923, 
50 2166) The heat of combustion, Cp (liq ) is 
61 7 kg cal , Cp (vap ], 69 4 kg cal It is 
miscible in all proportions with water, alcohol 
and ether The specific gravity of its aqneous 
solution IS given m the foUowhig table (Richard 
son and Allaire, Amer Chem J 1897, 19, 160). 


60 


1 0247 
] 0489 
10730 
10964 
1 1208 


60 

70 

80 

90 


1 1425 
1 1656 
1 1861 
12045 


The vapour of formic acid bums with a blue 
flame 

Formic acid is readily decomposed catalytically 
according to one or more of the following 
equations 

(1) H COOH-CO,+ H,, 

(2) H COOH-CO+H^O, 

(3) 2H COOH = H CHO+COj+H,0 
By leading the vapour over the following heated 
substances it is decomposed in accordance with 
equation (1) at vamng rates palladium, plati 
num, copper, nickel, cadmium and oxides of zinc 
and tin Palladium sponge and platinum sponge 
bring about total decomposition at 245° and 216® 
respectively Titanium dioxide and the blue 
oxide of tungsten favour decomposition accord 
Ing to equation (2) Powdered pumice, magnesia 
and wood charcoal behave sinulaily. With eihcs, 
zircoma, alumina and uranium dioxide some 
formaldehyde is formed m addition to carbon 
monoxide and water and with thoria all three 
reactions are possible (Sabatier and Mailhe, 
Compi rend 1911, 152, 1212) By passing the 
vapour of formic acid over alumina at 287® a gas 
containing 92% of carbon monoxide may bo 
obtained (IVestcott and Engelder, J Physical 
Chem 1926 30, 476) More recently Graeber 
and Cryder (Ind Eng Chem 1935, 27, 828), in » 
comprehensive study of the catalytic production 
of carbon monoxide from formic acid, obtained 
93% yields of the gas using a thona upon eibca 

' catalyst at 300°C The same reaction is said 
be catalysed by selenic acid (DoLque, Bull 
’• chim 1935, [v] 2 1489) Carbon monoxide 
IS also obtained when formic acid is treated with , 
cold concentrated anlphunc acid If excess of j 
formic acid is employed, evolution of the gas' 
proceeds indefinitely, but at a constantly do 
creasing rate owing to the diluent action of the 
water formed m the reaction (Schierz and Ward, 


J Amer Chem Soc 1928, 50, 3240, DeRight, 
ibtd 1933 55 4761) 

The photochemical decomposition of the acid 

18 been studied by Gorin and Taylor (tfiuf 
1934,56,2042) , 

DeUetion and Estimation — ^Formic acid may 
be detected by the following reactions With 
concentrated sulphuric acid, formic acid and the 
formates evolve carbon monoxide m the cold 
With feme chloride, neutral formate solutions 
give a red colour and on boilmg a brown preci 
pitate of basic feme formate is thrown down 
Formic acid and formate solutions reduce silver 
nitrate to silver Similatly mercuric chloride 
IS reduced to mercurous cblonde, and, if excess 
of formic acid or formate be present, to hietalhc 
mercury If a solution contaming the free acid 
IS digested with magnesium, formaldehyde is 
produced (Fincke, Biochem Z 1913, 61, 258} 
When formic acid is warmed with aqueous 
sodium bisulphite a green to blue colour is 
developed adding sodium mtroprusside (Co 
manducci, Cbem Zentr 1919, II, 226) For 
identification in the presence of hydrochloric 
acid by heating with chromic acid mixture, stt 
SuIzerZ angew Chem 1912,25,1273 

Formic acid may be estimated by the method 
of Jones (J Amer C^hem Soc 1895, 17, 539) 
The solution is made alkaline with sodium car 
bonate, warmed, and an excess of standard 
permanganate added The solution is acidified 
and a measured volume of standard oxaho and 
solution IS run in, until the precipitate of man 
ganese hydroxide has dissolved and the per 
manganate disappeared The excess of oxaho 
acid la back titrated with permanganate {set also 
Bnpp, Z anal Chem 1906, 45, 687 , Grossmann 
and Aufreoht, Ber 1906, 89, 2455) Other 
methoda depend upon the reduction of mercuric 
to merenrous cblonde (Riesser, Z physiol 
Cbem 1915 96, 355, Biochezn Z 1923, 142 
280). the titration of the acid with standard 
alkali or the decomposition of the acid in the 
carbomc acid apparatus with oxidising agents 
(Rupp. Arch Fharm 1905,243,69, Wieheand 
Jaco^ Ind Eng Chem [Anal ], 1936, 8, 44) 
It may be estimated in the presence of acetic 
acid by the method of Staimer and Massart 
(Amer Chem Aba 1936, 80, 5906) The acids 
are heated with potassium lodate solution and 
after neutrahsation with calcium carbonate the 
hberated iodine is titrated with standard thio 
sulphate solution For its estimation m the 
presence of lactic acid, see Jamet (ibid 1935, 29, 
7870), and of vapious other substances, ses 
Fiocke (Biochem Z 1913, 60, 263, Analyst, 
1913, 88, 378) 

Fonzue acid is a strong reduemg agent, a 
powerful antiseptic and has been used as a food 
preservative (W oodman and Burrell Tech 
Quart 1908, 21,1 , this voL p 305) For its use 
aa a solvent for orgamc and inorgamc substances, 
see Aschan (Chem Ztg 1913, 37, 1117) It is 
used in dyeing as an assistant or reducing agent 
with potassium dichromate mordant and abo in 
djeing woollen goods or nmons with acid dye 
stuffs (Kapff, JSCI 1905, 24 129, Mettner, 
tbtd 43t, and Pnsby, i5»J 1007,26 467) 

Salts — Indostna! methods for the prepara- 
tion of the formates are based upon three 
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reactioiis : (1) The interaction of carbon mon- 
oxide and metallic oxides. In this method 
carbon monoxide nnder pressnre is passed over 
metallic oxides, basic minerals or alVnli 
hydroxides, or into aqneons snspensions of 
a lk a lin e earth hydroxides. The conditions vary 
sh'ghtly in the different processes ; alkaii 
formates, potassinm ferrocyanide and the 
chlorides of palladinm and platinnm have been 
nsed as promoters (B.P. 4471, 1908; 13953, 
1907; F.P. 3S2001, 389065; U.S.P. 875055; 
G.P. 179515; J.S.CX 1908, 27, 420, 769, 898; 
Koepp & Co., GJ. 209417, 590635, 602744; 
B-P. 415871 ; Chem. -Zentr. 1909, I, 1785 ; 
Amer. Chem. Abstr. 1934, 28, 3081 ; 1935, 29, 
818; LG. Farbenind. A.-G., B.P. 413240 ; F-P. 
794100; Amer. Chem. Abstr. 1936, 30, 4514; 
Chem. Fabr. Kalk. G.m.b.H. and Oehme, GJP. 
622149 ; Amer. Chem. Abstr. 1936, 30, 1393). 

(2) The hydrolysis of the cyanides of the alkaline 
earth metals. These, on treatment Trith “water 
xaponr trnder pressure at temperatures below 
300°, yield ammonia and a formate (Badische 
-Anilin- u. Soda-Fabiik, F.P. 372714; J.S.CJ. 
1907, 26, 967). The interaction of a solution of 
potassinm ferrocyanide with caustic potash ac- 
cording to the following equation has also been 
patented (Heakh, Gff*. 281044). 

K^Fe(CN)6-l-14H20= 

4HCO2K4-2HCO2N Hj-f 4 N Ha-b Fe (O H)2. 

(3) The redaction of carbonic acid or its salts 
with hydrogen. Eogatien (BJP. 12604, 1893; 
J.S.C.I. 1893, 12, 864) obtained anomonium 
formate and bicarbonate by passing moist 
nitrogen, hydrogen and carbon dioxide over 
slightly heated pumice or other absorbent bodies. 
A 106% yield of calcium formate may be 
obtain^ ^m calcium carbonate if the latter is 
heated with hydrogen under 50 atm. pressure 
and carbon dioxide (20 atm.) at 70° in the 
presence of spongy palladium for 4J hours 
(Bredig and Carter, Ber. 1914, 47, 541). The 
bicarbonates of the alkp.li metals and of am- 
monia may be reduced in aqueous solution with 
hydrogen under pressure in the presence of a 
smtable catalyst, such as palladium black (B.P. 
801, 1915 ; 9762, 1915), nickel upon coke (Leroux, 
U.S.P. 1995211). 

Decomposition of the Formates. — ^The formates 
of the alkali metals when heated alone in absence 
of air to 400° decompose, giving mainly hydrogen 
end oxalic acid; at lower temperatures car- 
bonates are chiefly formed. Alkaline earth 
formates give only carbonates. Under certain 
conditions some formaldehyde may be formed 
in the reaction (Hofinann and Schumpelt, Ber. 
1916, 49, 303). The pyrolysis of mixtures of 
sodium formate and sodium hydroxide has 
been studied by Balandin and Freldlin (J, Gen. 
Chem. Buss. 1936, 6, 86S). With mixtures 
containing one equivalent or more of hy- 
droxide to one of formate, the reaction begins 
at 210°G. and proceeds smoothly at 250°C. ; 
hvdrogen is evolved and sodium carbonate pro- 
duced. With mixtures containing alkali in lower 
' ratio, sodium oxalate is formed, but not below 
270°C. Industrial methods for the production 
of oxalates from formates depend upon the 
latter reaction (Koepp & Co., F.P. 759253; 


Enderli and Schrodt, U.S.P. 2033097; Amer. 
Chem. Abstr. 1936, 30, 2580). 

Potassium formate, (HCO,K), and sodium 
formate, (HCOgNa), are readily soluble deli- 
quescent salts which, according to Bineau, 
form acid salts on solution in hot concentrated 
formic acid. Calcium formate, (HC02)2Ca, and 
barium^ formate, (HCOoljBa, crystallise in 
rhombic prisms, readily soluble in water, in- 
soluble in alcohoL Lead formate, (HCOjljPb, 
is less soluble in water than other formates, 1 
part dissolving in 63 parts of water at 16°, and is 
insoluble in alcohol; on warming the solution 
with lead oxide there is formed a series of basic 
formates, which have an alkaline reaction and 
crystallise in needles. Copper formate, 
(HC02)2Cu,4H20, 

crystallises in light blue monoclinic prisms and 
forms basic salts (J.C.S. 1915, 107, 1281). 
Silver and mercurous formates decompose even in 
the dark; the latter deflagrates when heated 
and decomposes on percussion. Chromous 
formate, Cr(HC02)2,2H20, forms red cubes 
(Traube end Goodson, Ber. 1916, 49, 1679). 

Formic esters. — ^These are now obtained, 
in a manner analogous to that used for 
the direct synthesis of formic acid and the 
formates, by the interaction of anhydrous 
alcohols with carbon monoxida under pressure. 
Thus when methyl alcohol containing sodium 
methoxide is heated to 60-65°C. with carbon 
monoxide under 50 atm. pressure for 2 hours 
and the temperature then allowed to fall, 
methyl formate is obtained in circ. 60% yield 
(Ges. fur Kohlentechnik, G.P. 588763 ; 591581 ; 
595307; Amer. Chem. Abstr. 1934, 28, 2014; 
also Chr. Ammon, F.P. 776616; Am er. Chem. 
Abstr. 1935, 29, 3690). A recent method of 
preparation of the formic esters of some higher 
aliphatic alcohols consists in treating the lighter 
ffactions obtained in the “ cracking ” of 
petroleum oils with formic acid containing a httle 
sulphuric acid. Slow addition of formic acid to 
the oleflns occurs, with the eventual production 
of secondary and tertiary amyl and hexyl 
formates (Sucharda and Mazonski, Przemysl 
Chem. 1933, 17, 41 ; Amer. Chem. Abstr. 1933, 
27, 5954). 

Methyl formate bofls at 30'4°/712 mm. ; sp.gr. 
0-9928. It can be made by the method described 
above or by passing the vapour of methyl 
alcohol over a dehydrogenating catalyst such as 
copper at 150-250° (Compagm'e de Bethune, F-P. 
673337). It can also be prepared by acting on 
dry sodium formate with a mixture of methyl 
alcohol and aqueous hydrochloric acid, or by 
digesting methyl alcohol with concentrated 
formic acid. 

Ethyl formate, b.p. 50-4°, sp.gr. 0-9445, can 
be made by heating a mixture of 6 parts of 
alcohol (90%), 7 parts of sodium formate and 
10 parts of concentrated sulphuric acid. Other 
esters have the properties given below. Propyl, 

b.p. 81°, 0-9058; aUyl, b.p. 83°, 0-932; 

n-amyl, b.p. 130°, d^ 0-9018; benzyl, b.p. 
203°/747 mm. ; d“ l-OSl. p-bromphtnacyl (Hurd 
and Christ, J. Amer. Chem. Soc. 1935, 57, 2007), 
m.p. 140°. 
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"fORAI/CfN” Hydroijmethylacetaimde, 
CH, CO NH CHjOH. 

“fORMID/N” Methylene disalicylic iodide, 

CisHioO,!* 

•'FORM/N"(v Vol I, 326a) 

F O R M I N S . The term fonmn 13 giTen to I 
an ester formed by the condensation of a poly I 
hydnc alcohol mth formic acid although its ! 
use IS commonly restricted to denvativea o^ 
tnhydroxv alcohols 

I FOBiaNS OF DiHyDBOXT AXCOHOLS 

(а) Ethylene Glycol Monoformln. 
HO CHj CH,0 OCH, prepared from ethy 
leneglycol and 95%fonnic acid {M H Palomaa, 
Chem Zentr 1913, II, 1956) It is obtained 
■when ethylene diformin is boded with an excess 
of anhydrous ethyl alcohol for 8 hours (Henry 
and Dewael, Chem Zentr 1902, II, 928) It 
may also bo obtained together with ethylene 
diformin by boihng ethylene glycol with 75^0% 
formic acid (Henmnger, Ber 1874, 7, 263) 
The monoformin which hydrolyses in -water, has 
been formed in anhydrous medium by nsmg 
formamide acid sulphate 
ROH+HCONH. HjS04 

-HCOOR+iNH^lHSO^ 
(P MagiU. Ind Eng Chem 1934, 26. 611) 
it IS a hquid b p 179-180 6*/766 nun , 
d}^ 1 1989 (Palomaa, I c ) Its velocity of esteri 
Scation in formio acid under certain conditions 
has been determined (A Kailan and Q Brunner, 
Monatsh 1929, 51. 334) 

(б) Ethylene Glycol diformin, 

HCOOCH,CH,0 OCH, 
is prepared by boilmg ethylene glycol with 
76-80^ formic acid and treatmg mixture 
of mono and di formins, so obtained, with 
anhydrous formic acid (Hennmger, Ber 1874. 
7, 263) It is also produced from ethylene 
glycol and an excess of formic acetic anhydride 
(a molecular mixture of acetic auhydnde and 
formic acid) (B4hal, Ann Chim Phys 1900, 
[vuj, 20, 424) It has been obtained together 
with other products from oxalic acid and 
ethylene glycol (Lonn, Bull Soc chim 1874, 
[u], 22, 104) It 18 a liquid, b p 174® (Hennmger. 

I e ), 88-89®/25 mm , d" 1 193 (B4hal, Ic) 

(e) PInacone Monoformin, 

HCO OCMCjCMe, OH, 

IS prepared from formic acetic anhydride and 
pinacoue (B4hal. ( c , b p about 90®/20 mm ) 

' n FoEsmts 07 Tbiutdboit Alcohols 
A Gltceeol FoBiirys 

In general the estenfication of glycerol with 
irmic acid gives mainly diformina and the acid 
. to act more easily on the secondary 
leoholic group since 1 2 di and 2 mono 
formins are the esters ■which predommate 
(a) Glycerol Monoformins, HCO OCsH 5 (OH)* 

A mixture of the tnonoformins is producra 
in the preparation of formic acid by heating 
glycerol with oxalic acid at 190® (Tollens and 
llenninger. Bull Soc chim 1869, [u], 11, 393, 


and 13 extracted from the mixed product by 
meana of ether 

( 1 ) a Glyceryl formate synthesised from a 
chlorohydrm and sodium formate contains 87% 
ester, and is unstable, decomposing at 150® in 
vacuo, or suddenly below 220® yielchng only 4% 
allyl alcohol (Delaby and Dubois, Bull Soc 
chim 1930, [iv], 47, 665) 

(u) fi Glyceryl formate — ^A monoformin is 
obtamed as intermediate m the formic acid 
method for the preparation of allyl alcohol 
(Organic Syntheses, 1921, 1, 15, and 1926, 6, 
i03) It has the following properties b p 
164-7®/10 mm, d® 1 3052, 14614, 

I gm mol of p formate decomposes smoothly 
at 235® to yield oxides of carbon 22 4 1 , Hj. 
and saturated hydrocarbons, and 67% allyl 
alcohol partly as ally! formate Since the a 
ester pi^uces only 4% allyl alcohol, it is 
aaaum^ that this esten^cation product must 
consist mainly of the p ester (H Delaby and 
P Dubois, Compt rend 1928, 187, 949) 

(6) Qlyctrol Diformin^ (HCO 0)2CgH5 OH 

A difonnin is obtained by heating oxalic acid 
with glycerol at 140®, extracting with ether and 
distillmg under reduced pressure, h p 
I63-166®/20 30 mm . di* 1 304 (van Romburgh, 
(Compt rend 1681, 93. 847) It is insoluble m 
carbon disulphide and decomposed by water 
with the formation of glycerol and formio acid 

In the formic acid method for the preparation 
of ally) alcohol (Organic Syntheses, 1921, 1, 16, 
1926, 8, 103) a diformin may he isolated as inter 
mediate product, 6 148-9® 15 mm ,d^ 1 3209, 

1 4492 (Dalaby end Dtilong, Compt rend 
1928, 187, 768 

Glyceryl diformate, b p 168-160®/I8 mm , 
may be obtamed m very good yield from 
glycerol, 80% formic acid and toluene — an 
azeotropic mixture (M A TVahl, Bull Soe chim 
1925, (iv) 37, 713) 

These diformates obtained by esterification 
probably contain a preponderance of the ap 
ester (R Delaby and P Dubois, Compt rend 
1928, 187. 949) 

( 1 ) ay Glyceryl diformate has been syn 
thesised from 1 3 dichlorohydnn, bp 144-^"/ 

II mm , dl 1 3218, n”* 1 4480 It is very 
hygroscopic, soluble in alcohol, acetone, shghtly 
soluble in ether, insoluble in benzene (Delaby 
and Dubois. Compt tend 1928, 187, 767) 

(u) Glyceryl diformate has also been 
synthesised from 1 2 dibromohydnn, b p 
161-3®/17 mm , dl 1 3252, 1 3214. n” 

WSO? It has similar solubility characteristics 
to the ay compound (Delaby and Dubois, tbid ) 

The and op diformates yield 44 8 I 
oxides of carbon and 43 and 46 g per gm mol 
respectively of allyl alcohol at 255-310® The 
■velocity of estenfication has been determined 
(A Kalian and C Brunner, Monatsh 1929, 51, 
334) 

(c) Glycerol triformin, (HCO 0)sCsH., 
is prepared by repeatedly heating glycerol witn 
100% formic acid the excess acid being distilled 
off each time until a rich tnformin mixture 11 
obtained The viscou^ product is cooled m 
liquid ammoma when the tnformin crystalLscs 
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ont- Pore triformin is colondess; nup. IS®, 
b.p. 266®/762 mm. ; r.^"=l-4412. It is hydro- 
teed slovrly by cold, readily by hot svater 
(van Eombiirgh, Z. physikaT,' Chsm. 1910, 70, 
4.59). 

B. ay-I>nrr.TH ^LGI.TCS20I, PoBilESS. 

(o) A mixture of Tnorto- and di-formins mav 
be prepared by reSnxing dimethylglycerol for 
6 hours at 150-170® frith excess 96% formic 
add and distilling the product in vacuum, the 
&action b.p. 151-3— 153-5®/19 mm. consists 
luainly of the difoimate. When the miT fiTre is 
heated to 200® decompositioii ensues leaving 
the iriformin. 

(5) c-/-DimethyIglyceroI triformin has m.p. 
S5~, b.p. 130-134®/15 mm. (Dslaby and Morel, 
BuIL Soc. chim. 1926, [iv], 39, 416). 

C. c-Metexd y-ETHXL GriTcsHoi- Fobsuxs. 

(a) A Mizlvre of ForrrAng has been isolated 

te heating methylethylglycerol vrith formic add. 
On heating the product to 200® ethyl propylene 
carbinol is obtained together tritlT a non- 
volatile residue of the trifonnin, m.p. 94-5® 
(Delaby and Morel, Lc.). 

D. EIHVI.GI.VCV20I. FoEinxs. 

(a) Mono- and Bi-Foming are formed] 
mixed -vrith unchanged ethylglycerol -uhen ethyl- 
^ycerol is boiled uith 2-5 times its freight of 
crystalline formic add for 6 hours and distilled, 
the Suction b.p. 150-2®/15 mm. corresponds to 
a diformiu. At 270® it gives water, formic add 
and c-ethylvinyl-carbinol (b.p. 114-116®) and 
A^-p2uten-c-ol (b.p. 139-140®, dj' 0-S64, df 
0-8-55, 1-4378). 

(5) The residue Sum the above distSIation 
solidifies at-60-61® and is the frifomm derivative 
(Delaby, Compt. rend. 1923, 176, 1S9S). 

TTT- Mbcktt. » . ~« rEors FoEiinrs. 

(a) Erythritol Tetraformin, 
C^Ks(0-OCH)i, 

prepared by boiling 1 part of erythritol first vrith 
18 parts of formic add of sp. gr. 1-18 and then 
frith 10 parts of crystalline formic add. Distil- 
ling ofi the excess add, heating the residne to 
200® and extracting frith absolute alcohoL 
The solvent is evaporated oS and the residue 
recrystaHised Som alcohol in colourless needles, 
m.p. 150® (Herminner, Compt. rend. 1SS4, 98, 
14§). 

(6) Dipentaeryfhritol Hexaformin, 

0[CH,-C(CH.O-OCH)Ji, 

pieuared by refluxing dipentaerythiitolin cone, 
formic add and fuming oS" tfrice -srith formic 
add at 120®. It is a yellofv solid, m.p. 56® 
(TT. Fiiederich and W. Brim, Ber. 1930, 63 [Bj. 
26S1). 

(c) Cellulose Formlns are readily obtained 
by heating cellnlose frith anhydrous formic add 
in presence of a catalyst (e.o. ZnCU)- The sol- 
vents which dissolve these esters, such as 


pyridine and formic add, are, however, highly 
mconvenient in the manufecture of film- and 
fibres (B. 1931, 10S7). For further information, 
H. Mark, “Physik und Chemie der Cellu- 
lose,” J.' Spreuger, Berlin, 1932; J. T. 
and F. C. Wood, “ Chemistry of Cellnlose,” 
Chapman and Hall, London, 193S. 

"FORf/iOL" (r. Vol. FT, 26c). 

FORMOLITES. A term applied some- 
times to aH formaldehyde resins but preferably 
restricted to those resins derived JBrom hydro- 
carbons, e.o. in presence of sulphuric acid. Un- 
I saturated and aromatic hydrocarbons react in 
I this way and prodnets obtained by reaction of 
such constrtuents of Inbricating and other oils 
serve both to refine the oils and provide plastics 
which may be monlded (B.P. 289920; GP. 
509305). The nature of the formolite varies from 
that of a sticky oil in the case of cracked gaso- 
lines (Ormaudy and Craven, J. Inst. Petroleum 
Tech., 1924, 10, 99) to coloured solid resins in- 
soluble in water such as those from naphthalene 
and anthracene (Serverin, Mon. du petrole 
Eoum. 1911, 21, 22) and is strongly influenced 
by other factors such as the use of trioxy- 
methylene in place of formalin. The formolite 
reaction has b^n used in the quantitative deter- 
mination of reactive hydrocarbons in crude oils 
hTastukoS', J.C.S. 1904, 86, i, 242, 801 ; Petro- 
leum, 1909, 4, 1335, 1911, 7, 239 ; J. Euss. Phys. 
Chem. Soc. 1915, 47, 46 ; J. Ind. Chem. Euss. 
1925, 1, 23 ; cf. Hoiek, Chem. Obzor. 1929, 4, 
67) and according to recent investigations 
(Jsastukofr, Petroleum, 1926, 22, 1349 ; 1927, 
23, 1451) the determination of the so-called 
formolite number may be modified to afford a 
measure of asphaltic, light lubricating and other 
fractions of the oil in addition to an estimate of 
the total reactive hydrocarbons. 

FORM O NONET IN r. froFLAVOxs (this 
ToL, p. 2595). 

FORMOSAN INE. The alkaloid of Ourou- 
puriG/£iT77ioi!:naMats.{Eavmond-Hamet, Compt. 
rend. 1936, 203, 13S3). 

••FOR/AOSUL," "FOR/AOSUL G.” (r. ToL lY. 
1485 , 1495 ). 

"fORN/TRAL” is the name given to the di- 
formate of niiron (l:4-diphenyI-3:5-endo- 
anilodihydrotTiazoIe) — 

N C- 

1 \ 

NPh'>NPh 

1 / 

NPh-CH' 

nsnaHv obtained in the form of flat needle 
ervstaJs, m.p. 128®. Solubility in water 17%, 
g-nrt the solution is stable whilst that of nitron 
deteriorates. It may be used for the detection 
and estimation of nitric add although it has not 
replaced nitron for this p-urpose. Of the more 
insoluhie salts of fomitral may be mentioned : 
perchlorate (soL 1:50,000), nitrate (1:60,000 
^ and 1:80,000 at 0®), while the picrate is 
even less solnble. 

1 c.c. of -water containing 0-0075 mg., HNOj. 
gi-ves a ppt. after 5 hours -cith 5-6 drops of 
a lORo solution of fomitral (Ann. Chim. Analyt. 
1921, [iil, 3, 207 ; Analyst, 1921, 46, 3S5). 
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••FORTOIN*' 


"FORTOIN.” A synonym for ilethyUM- 
dxcoloin 

CH,(C,4 Hji 04 )j. 

formed by the action, of formaldehyde on cotoin 
Used in the treatment of diarrhcea 

FORSTERITE, Mineral form of mag 
nesium orthoBihcate, Mg.SiO^ 

"fOL/AD/N” (V Vol I,439<i) 

FOULfNG OF SHIPS' HULLS (» Vol 
III, 3836) 

••FOURNEAU 189" (v Vol 1,4896) 
«FC)URNEAU270.4f7”(v Vol I, 489i) 
FOWLER’S SOLUTION, syn Liquor 
Arsenicalis, BP A solution of potassium salts 
of arsemous acid used m medicine It la con* 
Tenieotly prepared by neutralising with hydro 
chloric acid a solution of potassium meta 
araenito in water (Rosenthaler, Scientia Pharm 
1935, 6, 41). OfScial preparation B P 1932, 162 
Morton (Quart J Pharm 1933, 6, 1) concludes 
from conductivity measurements that the solo 
tion IS one of arsemoua oxide in potassium meta* 
arsenite 

FOXBERRY. The fruit of Vacctntum 
t-tits It IS also known as the mountam 

cranberry or cowberry, and grows wild m 
central Europe, northern USA and Canada 
The fruit resembles the common cranberry but 
is emallor 

Yetpard (Tids Norsks Landw 1902, 9, 125) 
records the analysis of the whole fruit as 


Total 


Otnc 


Solids 

Protein 

add 

add 

16 48 

0 26 

1 92 

064 

}Isllc 

add 

Sugars 

Feotosans 

Fibre 

031 

64 

0 69 

1 88 


Hotter (Z landw Verauchsw 1900, 9, 747) 

S iotes Ogures of a similar order and also reports 
e sugars as glucose 3 CM 6, fructose 4 0-6 8, 
sucrose 0 4-0 8 

Analysis of foxberry juice by Wmdisch and 
Schmidt (Z Unters Nahr Geoussm 1909, 17, 
584) shows total solids 1128, protein 012, 
acids (as citric) 1 92, invert sugar 0 47, aacrose 
0 48, tannin 0 19, ash 0 32% 

Ills composition of the seeds of the foxberry 
Is — 


Water Froteln 


6 07 


% 


Jf free 
extract 

+ fibre Aih 


30 12 


The seeds yield a drying oil having the follow 
Jng characteristics dj, 0 9301, I 4763, 
saponification value 190 1, iodine vwue 109 2, 
Beicbert Meissl value 0 55, Polenske value 0 30, 
acid value 1 94, Hehner value 95 7, bromides 
(linolic and linolenio acids) 22 8% (Diednchs, 
Z Unters Nahr Genussm 1912, 24, 676) 

In addition to citric and malic acids the 
bemes contain small proportions of glyoxylic, 
isovaleno and benzoic acids The presence of 
glucoside, vaccimui, C,H„(C,HjC0)0,, is 
also recorded by Gnebel (i6id 1910, 19, 241) 

A Q Po 

FRAGARIANIN. a tannin contained in 
strawberry root, it yields on hydroljsia glucose 
and /rpffann (Phipson, Chem News, 1878, 38, 


FRAGAROL. This nanjo is to day given 
to ^naphthyl tsobutyl ether which has an 
odour somewhat resembling etrawbemes (genus 
fragana) It is a crystalline body melting at 
32-34% and is used in traces in some types of 
Ean da Cologne and Neroh perfumes The 
name was originally applied to the ethyl ether, 
which IS now known as Bromelta Both the 
ethyl and the methyl ethers of ^ naphthol are 
known as “ NeroUn," the former as Nerolm 
Bromelia, and the latter as Narolin Yara Yara 
E J P 

FRANCKEITE, A complex sulphide ore 
oftm, PbgFeSnjSbgSji, containing, according 
to this formula, Sn 16 71% It consists of 
platy, tetragonal crystals, with a perfect cleavage 
parallel to the surface of the foha, which are 
often aggregated m more of less pronounced 
radiating groups, sometimes forming spherules 
and reniform masses It is iron black with a 
hngbt metallic lustre, marks paper and is 
malleable, like graphite The mineral occurs 
m some quantity near Chocaya and m the 
Tnnacna mine at Poop6 in Bolivia, and is 
known locally as Ihctma The above formula 
written in the form SPbSnSj+Pb.FeSbjS. 
brings out a relation between franclceite and 
the allied Bolivian minerals lealUte (PbSnS|) 
and cyhruirite (3PbSnS.-f SnFeSbjSg) An 
alyses I and II by G T Prior* 1904 (II on less 
distinctly crystalLne material with some mas 
Bive), 111 by C Winkler, 1893 (slso germanium 
about 0 1%, and gangue 0 71%) 

Pb 
Fe 
Zn 
Ag 
Sn 
Sb 


46^23 


II 


III 


48 02 60 67 

2 69 2 74 2 48 

0-57 — 1 22 

0 97 0 09 n d 

17 06 13 89 12 34 

11 66 13 06 10 51 

21 12 20 82 2104 


Sp gr 


99 62 


98 97 
6 66 
L J S 


FRANCOLITE(v Vol I, 449i) 
FRANGULA consists of the bark of 
EAamnus frangxila Lino (Fam Rhamnacein), 
it contains the crystalline glycoside franguhn 
which yields on hydrolysis rbamnoso and 
frangulo emcdin (16 8 tnhydroxy 3 methyl 
antbraquinone) Used as a mild purgative 
FRANGULIN v FbawoulA 
FRANKINCENSE, oUbattum The gum 
resm is the dried exudated juice of several 
species of Bosxfellia 

FRANKLINITE. A member of the spinel 
group of minerals with the general formula 
R'ORj'"Oj, where R'»»Fe, Zn, Mn, and 
R'"«»Fe, Mn The actual composition is very 
variable , feme oxide always predominates 
(66-67%), zinc oxide ranges from 6 to 23%. 
and manganese oxides (MnO, Mn,0,) average 
16-20% The mineral occurs as well developed 
crystals of octahedral habit, as rounded grams, 
and as granular masses It is black with a sub* 
metallic lustre, much rescmbhng magnetite in 
appearance, but is readily distinguishable from 
this in being only slightly magnetic Spgr 
6 0-5 3, hardness 6 
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JEIEDRICES' 


faio-sii cnlv FrszHiz. ± tnnsce 
: Iss^ JersrT (Esrce zke iians}. rr is forra tcse 



n ccr£:a.£rsic.= a 

r-r x';-- 


» FRAVKO.VfT ” r.E*: 

24-Sc;. 

FRAXETFN, 


L. J. S- 
:iEs. Acteth: fVoL I> • 



CO 


OH 


IStaOXTCOt 


22.?^ fvTesselv ari co-— Tkers- Be:. 1&-22. 62 
[BT, ; ITc^tHT. 1932. €0, 159} h ths agl-cors 

FRAXIN' r. Coirsv-Hry Ge-tccstdis 
HLALS^). 

FRAXIN’ELLONE (r. YoL IIL 603:). 

FRAXfTANNIC ACID. A tszmjzi f'otni'x 

fr. tLs IsaTes of Frrz^rxt czcdtic~ Yfr-r, 

FREESTON’E, An radsfrite terai iised t?7' 
en anjm en for a rock -Kif ch adnfts of tefog 
~ 0 rkec ir any cfrecSon for cse as s 
trfdim sfone. Sncn a rock skcorc a rrrff nrrrnoy 
CET erannsss of grain and no chr~.cz cccding. 
■ skatinad ro iks may bs renoily sa-m ’Asn 
cmmisd. and "nHc toldinn tns ** cnarry 

exposnre fo tks stmoanksre. ifosr freestones 
ars ehner Iknestones or sandstones. In ti^ 
Infsnor Ookre tkere are esnain feeds kno'ra. to 


■*‘is 



Loner Ooktes, are also ncH-knonrn coirttc 
kestcnes. Tns term freestcns is also appksd 

srcnss tns norrn-yrsst of England, cm. its 
Sr. Bees sandstone. Ilany of tire Coal-rrsasnre 
sandstones admit cf feeing readily cat and 
tooled, and. feeing ndtfecat ary marked tendency 
to spkt in defnit& cirecticns, are vaicafele fee- 
stones; sack, for instancy are tfes sandstones' 
Edinimrgfe, and of Dadey 

Dais in Derirrsnire. 

L- J. S. 

FREEZING OR COOLING MlX- 
*7”1JRES. Tne tsmneratars or a sanstance 
man fee redared fey feringing rr in contact ndtk 
ctnsr snfestances at a Icrmr tempera tare. Snck 


coomrg IS prcxincec cy 


.JTgg 02 



'TLzcb, tre cor^ncii* tiscd are crj'o'hTcrstes- 

in tfes nsit colamn is of csefal 

es made mom 

Xemnerstares dnrtn to — 160'^C. may ce 
ofetained fey tsrssing linaid nirrcgen into p-entane 
contained fena Deror vesseL ligfet petroleam- 
b.TJ. 45^. is Eomer^t less satisfartory tfenn 

A ■— T »T -r-p of 2 ■parts etfeer and 1 part alsofeo! 
cran fee similariT ccolea to temperatares dcr^^ 


to — 120“ -witLaat soIidiScatiorv or liquid air 
may fee ponrsd directly into sncfe. a mixtnre 
pronidsd great care is taken to rercze cU f.ar-,e.t 
fmr-. the pnsrsrrife 


L Aqueous Solutions. 



Gir.ms ar-hy- I 
(trots sal: m 1 
ICO^ £. of 1 

Crycfeydric 

Temp. 

'C,' 

Pb(NOJ, . . 

35-2 i 

- 2-7 

MgS 0 i.l" 2 H ,0 . 

23-5 

- 3-9 

EaCIj . . . 

90 1 

- 7 -S 

f/inSOiTH.O . 

4T-5 1 

- 10-5 

NH^CI . . . 

22-9 1 

- 15 -S 

NH^NO. . . . 

70 t 

- 17-3 

NaCI .... 

2 S -9 

— 21-2 

MeCL. 12 H ,0 . 

23 1 

- 23 -i 

CaCL. 6 H ,6 

42-5 1 

— 5 o 

ZnCL,XH ,0 . . 

104 ■ 

C .-62 


Ef. Mixtures v/ifh Solid Carbon Dioxide. 


J 

} 

S::tstai:c»=. I 

i 

atrairabls? 

“C. 

Etimlsns dfcfeinrids . . { 

-60 

Afcsointe alcofeol. . . . | 

—72 

Cfeloroform j 

— 77 

Erfeni etfeer ^ 

—77 

&C€'tStt& . • « • t 

-7S 

ITetfeyi cfelnrids . . . . j 

-S2 


[ liquid air or Kqnid orygen may fee ponred 
I into a copper test tube snspendsd in rfe.e refdgera- 
I mem isth, ferrrt on no acconiit sfeoxtld liquid air 
[ or Eqmd oxygen corns in direct contact -rdth 
pentane (or tfes eon iv ' a lsnt pe'trolenm fection). 
Sfeonld Kqnid air fee nsed for cooling otfesr fefgfe ly 
innammafels snfestances sncfe as CS,. tfes nse of 
tfes copper test tnte refsrred ro afcove h ejesr-Hal 
h eiplcsion rf^V is to fee eKminated. 

FREI BERG ITE (r. YoL lY, 590c). 

FREMONTITE (r. YoL I, 303d). 

” FRENCH CHALK ” (r. Yol. I, 162c). 

FRENCH POLISH. A sofeztion of etellac 
in aloofeol; occasicmaliy containing gnm elsmi 
and copaL 

••FEENCH FOUDRE B." (r. YoL lY, 51S5}. 

" FFESOL " r- Chzosotx: (YoL HI, 420o). 

FREUND'S ACID (A/inV [c-] cad), 1- 
nspfetirrfamii:e-S:6.disnIpfeonic acid, is ofetained 
fe-r r - napferfealene-diT-disnlpfeonic acid 
and rednefem tfes prodnet irntfe. ammcininm snl- 
pfefd» or Iron KT"*.*: (Erennd. GJP. 27^6; y. 
Fris^dEr and fanssy. 1S97, _30, 1462) 

cm trrfeorKnz I-napfetfeyfermms-S:6:S-t_iSnlpfeonic 
add' ^ 5nc dnst and alkaK (GE. 233934). 
Erennd’s add grres 1- and otfesr tydroxy- 
I napfetfealens-SieSisnlpfeonic adds Trtsn tented 
canstfc alkaE and is used in tfes mannfactnre 
I of aro-GTestnfe. 

[ FRIEDRICHS’ EXTRACTOR (r. YoL 
1 lY, 5S7o). 
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FRITILLABIA, ALKALOIDS OF. 


FRITILLARIA, ALKALOIDS OF. 

Three different species of Fntillana have been 
investigated 

Fntillana tmpenahs L 

z>irr jirrj terlicillata WiUd and its var 
TA PPI \ 

FritiUana impenalis An alkaloid 
tmpenalim, was extracted from 

this plant by Fragner (Ber 1888, 21, 3281) 
Short needles, m p 254* (approx ) , [aJx) —35 4* 
(in CHClj) The alkaloid is said to be a heart 
poison and may he related to the older alkaloid 
falipine, discovered by Gerard m Tvltpa 
gesnenana L 

Pei Mu — ^This mtereating drug finds wide 
apphcation m Chinese mediune and is pre 
senbed m fevers, coughs, dysuna, haemorrhages, 
hngermg labour, rheumatism, and diseases of 
the eye The mam difBculiy Is to identify its , 
botanical origm and Pei Mu was indeed attn I 
bated to Fnhllana roytei Hook (so called I 
Szechuan variety) by Stuart (“Chmese Uatena 
Medica,” 1911, 178) or to F verttaUala WiUd 
var Ihunbergn Dab (so called Chekiang 
var —Ta Pei) by Read and Liu (“ Chinese Medi 
cmal Plants,” Peiping, 1930, 3rd ed ) 

Ta Pei (Chekiang) is eaid to yield petmtnt 
(Chi, Kao and Chang, Amer Chem Soc 1936, 
68, 1306), whereas Pei i!u (Szechuan) affords 
tsrheins, terhexllint, pttmiru, petmtntne, fnh 
mine, and /ntillanne (Chou and Chen, Amer 
Chem Ahstr 1932,28,6703. 1033,27, 3033, 
Fukuda, Chem Zentr 1930 I, 988) 

From F tertiallata WiUd , Yagi (Arch intern 
Fharmacodynamie, 1913, 23, 277) obtained 
/ri(di>n« and an amorphous base 
Verticine, CuHjjOjN or CjjHjjOjN, 
[a]^ —10 6*, m p 224-224 6*. needles from 
EtOH 

Verticllline, CjgHgjOjN, crystals Bintenngl 
at 130* and melting at 148-160*, which then I 
solidify and remelt at 213* I 

F*iW),wvrrt, m-p 

amorphous, isolated as perchlorate 
Peimine, CjyHsgOjN (T) (Chou and Chen) 
or C„H„OgN (Chi elal) zap 223*. opticaUy 
mactive, B HCI, mp 295*, B HBr, mp 
293-294°, BHjSO«, mp 278-280* 


Pelminlne, CjgHjgOjN, (a]” — 626*, mp 


135°, needles from alcohol and light petroleumi 
BHCI, mp 295*. BHBr, mp 292*. 

Fritimine, CggHggOgNj. [a]” —60*, mp 
167*, colourless plates from EtOH or acetone, 
B HCJ, mp 230' 

Frltilllne, C„HgiO,N.HjO, m p 214* 

For pharmacology of the fntiUary bases, see 
Narumi (Amer Chem Abstr 1935, 29, 8132, 
1036, 30, 7211) and Chen, et al (ibid 1935, 29, 
4084) 

Sehl 

FROTH FLOTATION (p Vol 111,485c) 
.>’FRUCTOSE(r Vol II. 286a) 

FRUCTOSIDASE (r Vol IV,3136) 

FRUHLING'S EXTRACTOB(r Vol I\\ 
6S1J) 

"fVADIN”c Catechol (Vol II,432d) 


FUCHSISENECIONINE, CijHjiOjN, 
an alkaloid of iSenecioPwcAsit ' 


FUCITOL, CgHijOj, is the pentahydroxy 
alcohol derived from galactomethylose (fucoae), 
the pentose obtained from Fucua vesicuheue 
The dextro, I®vo and racemic isomers are all 
known 

d Fucitol [Fucitol], 


CHMe(OH)C- 


H H OH 

I i 

; C— C C 


I . 


OH 


ini 


may be prepared by reducing I fucose [fucose] 
with 2 5% sodium amalgum in dilute suiphuno 
acid (VotoSek and Potm^il, Ber 1913, 46, 
3655, also Chem Zentr 1915, I, 605) It 

crystallises from alcohol in white silvery leaflets, 
mp 163-164*, [o]d® +4 7* (3991 g fucitol m 
13 c c of 10% aqueous borax solution) 
t Fucitol [Rhodeitol], 

OH OH H 

i C i CHjOH 


CHMe(OH) C 


^ ^ in 


may be prepared by reducing d fucose 
[rbedeose] with sodium amalgam in weak 
alkaline solution (not exceeding i% NaOH) 
(VotoSek and Bulfr, Chem Zentr 1906,1, 1818} 
White plates, m p 163 5* Distils without de 
composition Easily soluble in water, insoluble 
in alcohol, [a]” -4 6* in 10% borax solution 
It 18 not oxidised by sorbose bacteria, hut 
bas been oxidised with Autobacter tuboxgdana 
(M Hans, £ Tilden and C Hudson, J Amer 
Chem Soc 1938, 60, 1201) 
df Fucitol [racemto rhodeitol, racemic 
fucitolj is prepared by reduction of di fucose 
With sodium amalgum (Yoto6ek and Bulif, 
f c ) It may also be obtamed from equal 
quantities of fucitol and rhodeitol in alcohol 
' (Votofiek and PotmSIil, I c ) 

It forms white plates, m p 168-170*, distils 
without decomposition, is soluble in water, and 
insoluble in alcohol 

Tntyl Fucitol has been prepared by 
dissolving fucitol in dry pyndme and addmg the 
calculated quantity of CJCPbj The tntyl 
derivative is precipitated with water after a 
fowdays.mp 138-142°, [ajj, —5 0°(F Valentin, 
CoH Czech Chem Comm 1931, 8, 499) 
FUCOSE (v Vol II. 287c) 

FUCOSOL. A mixture of furfurol and 
methyl furfurol denved from the pentoses of 
certain algra by distillation with dilute suiphuno 
aad 

FUCOSTEROL(i> Vol I.lD9c) 
FUCOXANTH IN (see Carotenoids) The 
carotenoid pigment of brown seaweed (Fueva 
vtaiculoaua) was isolated by partition and 
chromatographic methods It separates from 
ether — hght petrojeum in brown red pnsms, 
mp 166-167°, analysis indicating the formula 
CggHygOg V^cTC&a thohvingFuaia 1 eatcvlosua 
contains ^ carotene and fucoxanthin, the dead 
matenal contains p carotene and zeaxantbin 
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trace of the last pigment could be found in 
^he fresh algse ; it is therefore suggested that a 
oost-mortem transformation, fncoxanthin -> zea- 
ranthin occurs. 

The carotenoid contains four hydroxyl groups 
Zerevitinov), but the function of the remaining 
TWO oxygen atoms has not been established. 
Dxidation of fncoxanthin gives dimethylmalonic 
icid and 4-5 mol. of acetic acid. Catalytic 
lydrogenation of the pigment yields a colourless 
substance C40H78O2, m.p. 63-64°, which does 
lot give a coloration with tetranitromethane. 
Fncoxanthin gives a royal blue coloration with 
lydrochloric acid and a blue coloration with 
intimony trichloride (Karrer et al., Helv. Chim. 
4cta, 1931, 14, 614 ; Heilbron and Phipers, 
Biochem. J. 1935, 29, 1369). 

I. M. H. and F. S. S. 

FUEL. This term includes aU combustible 
substances obtainable in bulk which may be 
lumed by means of atmospheric air in such a 
nanner as to render the heat evolved capable 
if being economically applied to domestic and 
ndustrial purposes. Fuels may he divided into 

а) naturaUy-occurring or primary’ fuels, and 

б) secondary or prepared fuels derived from (a). 

Doth groups containing solid, liquid and gaseous 
nembers. The general relationships between 
;he primary and secondary fuels are shown in 
fable I. I 


Table I. 


Primary 

! Secondary fuels. 

fuels. 

SoUd. 

Liquid. 

Gaseous. 

(Vood . 

Peat . 

Charcoal. 

Peat- chard. 


Producer- 

gas. 

[iignlte 

Briquettes. 

Lignite tars. 

Producer- 

gas, 

loal . . 

Semi-coke. 

Motor spirit. 



Coke. 

Tars and 
oils. 

Town - gas, 
coke - oven 
gas, pro- 
ducer- gas, 
water -gas, 
blast-fur- 
nace gas. 

intfiracite 

111, shale . 
Petroleum 

Briquettes 

Shale oil. 
Motor spirit. 
Kerosene. 
Diesel oil. 
Fuel oil. 

Producer- 

gas. 

S’atural gas 

j 


Compression- 

gasoline. 

Synthetic 

fuels. 

Compressed 

.butane, 

etc. 


The economic importance of a fuel depends 
Dpon (i) its geographical distribution ; (ii) its 
Dost of production, transport and storage in 
bulk ; (iii) the total amount of heat obtainable 
by burning unit weight of it and (iv) the 
rapidity, efficiency and smokelessness of its 
Dombustion ivith atmospheric air. Of the 
natural fuels, coal is the most important, for 
iespite the probability that there is more com- 
bustible matter in the peat deposits than in aU 
the known coal-6elds of the world and admitting 
the marked inferiorit3^ of coal to petrolemn in 
calorific value, no other fuel combines so many 


economic advantages. Thus, in 1935, the 
approximate quantities of the most important 
fuels produced were : bituminous coal and an- 
thracite 1,126, lignite 201 and crude petroleum 
235 million metric tons respectively. 

The calorific value of a fuel is expressed as the 
number of parts by weight of water which may 
be heated through one thermometric degree by 
the complete combustion of unit weight (unit 
volume in the case of gases) of the fuel under 
such conditions that the whole of the heat is 
transferred to the water, and that the products 
leave the system at atmospheric temperatme 
and pressure. The metric unit of heat adopted 
for technical purposes is the kilogram centigrade 
unit (K.C.U.) or the quantity of heat required to 
raise the temperature of 1 kg. of water through 
1°C. in the neighbourhood of 15°C., while the 
British Thermal Unit (B.Th.U.) is the amount 
of heat required to raise the temperature of 1 lb. 
of water through 1°F. in the neighbourhood of 
60°F. Thus, 1 K.C.U.=3-968 B.Th.U., 1 
B.Th.U.=0-252 K.C.U., and 1 K.C.U. per kilo 
=1-8 B.Th.U. per lb. In dealing with gases, 
the calorific values of which are expressed on a 
volnmetrie basis, it is necessary to specify the 
conditions of temperature and pressure under 
which the unit volume is assumed to be 
measured. For scientific purposes, these con- 
ditions are 0°C. and 760 mm. : in British 
! technical practice, the standard is 60°F., and 
30 in. mercury, the gas being saturated with 
water vapour. For purposes of calculation it is 
often more convenient to express the calorific 
value of a gas as K.C.'U. per g. mol. 
(=22*418 litres at 0°C. and 760 mm.) than in the 
more usual forms of K.C.U. per cu.m, or 
B.Th.U. per cu. ft. In such a case, a: K.C.U. per 
g. mol.=46*68a;K.C.U. per cu.m, at 0°C. and 
760 mm., or 5*02 x B.Th.U. per cu. ft. at 0°C. 
and 760 mm. 

Seeing that all fuels contain hydrogen, a 
distinction is sometimes drawn between the 
gross and net calorific values, the former implying 
that all the products of combustion have been 
cooled to atmospheric temperature (15°C.), while 
the latter takes account of the fact that in 
practice it is not feasible to cool the products 
sufficiently to condense the steam produced on 
combustion, consequently neither the latent 
heat of condensation of the steam nor the 
sensible heat in the water between the tempera- 
ture of condensation (assumed to be 100°C.) and 
room temperature can be considered as con- 
tributing to the calorific value of the fuel. A 
deduction of 11*196 K.C.U. per g. mol. of steam 
produced on combustion (=622 K.C.U. per kg. 
or 1,119*6 B.Th.U. per lb.) is therefore made. 
This deduction is, however, excessive, since the 
assumption is made that condensation would 
take place at 100°C. and that the water would 
then be cooled to 15°C., which is incorrect, 
since the partial pressure of the steam is below 
760 mm.,* the most that can justifiably be 
allowed is the latent heat of condensation of 
steam at 16°C., namely 588*7 K.C.U. per kg. of 
water (1,059*7 B.Th.U. per lb.) or 10*6 K.C.’U. 
per g. mol., and this value has been used in 
calculating the net calorific values throughout 
this article. 
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The calorific value of a solid or liquid fuel is 
determined by burning a known weight of it m 
oxygen at a pressure of not less than 25 atm 
m some form of bomb calonmeter, that known 
as the Berthelot JIahler apparatus being well 
adapted for the purpose In the hands of an 
experienced worker, the method is more accurate 
than any yet devised, provided that all the 
proper corrections (c g for radiation and for 
the formation of nitnc acid) are properly deter 
mined and apphed m each ezpenment The 
“ water equivalent ’ of the homh and its acces 
sones may be determmed by boming m it a 
known weight of compressed benzoic acid A 
comparison between the value so obtained and 
that calculated from the known weights and 
specific heats of its separate eloments serves as a 
good test of the proper heat insulation of the 
bomb in the calorimeter, which is apt at times 
to become defective Such a comparison should 
be made frequently as a precaution against 
possible error which might otherwise escape 
detection With ordinary care duphcate deter 
minations on the same coal sample should give 
results agreemg within 50 K C U , and when 
special precautions are taken within 25 K C U 
on about 8 000 K 0 U per kg 
It IS evident from its constructiOD that 
the bomb method gives the heat of combustion 
under “ constant imume and not under con 
atantpTtaauTi conditions, but as the combustion 
of a bituminous or anthracite coal in oxygen is 
attended by very little change tn gaseous 
volume {tg CtHtO+IOOj-SCOs+dHjO) 
the difference between the two values is perhaps 
negligible in practice Stnctly spealung, how 
ever, the necessary small correction ought to be 
applied to the " bomb ’ results m deducmg th^ 
true * constant pressurt value 
The constant pressure value may be calculated 
from that at constant volume by the following 
formula 

Q^=Q«-(A n)BT 

Qtp and Q» are the calorific values at constant 
pressure and constant volume respectively, A « 
IS the increase m the number of gaseous molecules 
after the reaction , B is the gas constant 
0885 (or 2 0 with sufiicient accuracy) and 
T 13 the absolute temperature at which the; 
reaction is earned out 

The correction amounts in the case of bitu 
minous coals to about 6-8 K C U per kg 
(10-14 B Th U per lb ), and hence is less than 
the expenmental error inherent m the deter 
miuation Though opposite m sign, it is in 
general about equal to the correction for mtne 
acid formed durmg combustion in the bomb 
With fuels, such as petrol, which may contain : 
about 15% of hydrogen, the correction niay| 
amount to about twice this value or (say) 
16 K C U per kg 

The calorific ^ue of a gas is usually deter 
mined by bumiug a measured volume at atmo 
sphcnc pressure in a chamber surrounded by 
a B}-8tem of coils or the like, through which a 
flow of water at a constant bead is maintained 
By suitable regulation of the pressure and flow 
of gas and water supplies respectively, the gas 
may be completely burned and the heat 


developed transferred substantially without loss 
to the water, the products leaving the apparatus 
at a temperature only shghtly above that of 
the atmosphere A number of forms of this 
apparatus are m use, and of recent years several 
forms of recordmg gas calonmeter have b«n 
adopted For further details, see Gas, Coal 
and C G Hyde and F E Mills, “ Gas Calon 
metry,” 1932 

The heat of combustion of amorphous carbon 
is 8,080 K C U per kg when completely burned 
to the dioxide, and 2 417 when burned to the 
monoxide , recent values for a number of the 
principal constituents of gaseous fuels are given 
m Table II 


Table II — Calorific Valotis of Gaseous 
Fuels 



ECU per , 
gram mole I 
cute 

BThU 
ft at 0 
760 

per cu 
i°C and 


Gross 

Net 

Gross 

Net 

Hydrogen 

68 4 

57 8 

! 343 0 

289 8 

Methane 

213 0 

191 8 

1067 7 

9614 

Ethane 

373 0 

3412 

1870 5 

17110 

Ethylene 

336 6 

315 4 

1689 7 

15814 

Propylene 

490 2 

468 4 

2457 8 i 

229S4 

Acetylene 
Carbon mon 

311 1 

300 5 

1669 8 1 

1606 9 

oxide 

1 1 

319 0 


The gross values for certam smgle hquid fuels 
idK C.U perkg aren hexane=ll,618,ben2ene= 
10 044 twuene=10 174 methyl alcohol^S 429, 
ethyl alcohol»7,149 An increase of >CH| m 
ascending an homologous senes of hydrocarbons 
or alcohols corresponds to an increase of approxi 
,niately 168 KCU in the gross heat of com 
buslion per gram molecule 

It IS not possible to calculate accurately the 
calorific values of compound fuels such as coal 
or petroleum from their elementary compositions, 
since the heat of combustion of a compound is 
never equal to the sum of those of its elements 
taken proportionally Numerous formula have 
been suggested to enable the calonfic value of 
coal to be calculated from either the proximate 
or ultimate analysis One of the best known 
IS that of Dulong 

Q-jijfs 080C+34 46 o(h-°)+2 2S0s} 

H G U per kg , where C, H, O and S are tho 
percentages of carbon, hydrogen, oxygen and 
sulphur respectively The assumption is made 
that the contribution of each element to the 
calonfic value of the coal is that which it would 
make were it m the free state, subject to the 
qualification that the oxygen in the coal is 
assumed to be combined as water with its quota 
of hydrogen, which hydrogen u therefore con 
sidered to make no contnbntion to the beating 
value of the coal More recently, E S Grumell 
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and L A. Davies (Fuel, 1933, 12, 199) have put 
forward a formula, 

Q =(3-635H-r235-9) { H -g(0.f S)}, 

based on Berthier's suggestion that the heat 
evolved bv a fuel is proportional to the air 
required for combustion. 

Although the assumptions underIving these 
and similar formuls are certainlv not correct, 
the results are sometimes surprisingly close to 
those determined in a bomb calorimeter, par- 
ticularly with coals the oxygen content of which 
does not exceed about 7-5% and where the 
carbon content is not above 92 or 93%. If the 
oxygen content much exceeds 7-5%, however, 
agreement between the “ bomb ” and calculated 
caloriSc values is likely to be poor. Unfor- 
tunately, no definite correlation appears to exist 
between oxygen-content and formula-error, 
either in magnitude or in sign. 

On the o^er hand, since the properties of a 
gaseous mixture are additive in respect of its 
constituents, the heats of combustion of gaseous 
fuels can be calculated with a reasonable degree 
of accuracy (1 or 2%) prodded the relative pro- 
pe/riiors of the corehuttihle ga.;e.t, their nature and \ 
adorif-c values are accurately Imoicn. These 
requirements are most satisfactorily fulfilled by 
gases of which the combustible constituents are 
only hydrogen, carbon monoxide and methane 
(water-gas, producer-gas and blast-ftrmace gas). 
Where, however, there are appreciable propor- 
tions of heavy hydrocarbons absorbable' by 
bromine (coal-gas, carburetted water-gas and 
oil-gas), uncertainty is introduced as to the 
precise value which should be assumed for the 
neat of combustion of these compounds. It is 
often assumed that the heat of combustion of the 
heavy hydrocarbons is that of propylene. 
Hyde and "MiPs {op. «'?.), however, have shown 
6om the comparison of the determined and cal- 
culated calorific values of 34 samples -of gas 
(the calorific values of which ranged fium 410 to 
604 B.Tfa.U. per cu. ft.) that the error introduced 
by tb?= assumption may be fiom -f-2 to —21 
B.DmU. per cm ft. with an average of — 11-S, 
and that, in order to equalise the calorimetric 
g-nd calculated results, the heavy hydrocarbons 
must be assumed to have heats of combustion 
ransing &om 2,2S6 to 3,333 B.Th.U. per cm ft. 
at MliF. and 30 im Hg, saturated at eOT. The 
difierences are likely to be accentuated when 
dealing with oil-gas and the gases fiom the 
low temperature carbonisation of coal, since 
not only are there greater relative proportions 
of unskturated hydrocarbons higher than 
propylene, but the saturated hydrocarbons are 
mirfures of methane and higher homolognes. 

The so-called “ calorifio intensity ” of a fuel 
is an unscientific term, inasmuch as the highest 
temperature which a particular fuel is capable 
of producing depends entirely npon circum- 
Btaaces which axe to some extent indefinable 
and diScult of controL The idea that the 
calorific intensity of a fuel may be deduced by 
dividing its calorific value by the mean specific 
heat of the products is based on the assump- 
tions (a) that the whole of the potential heat is 
instantaneously realised, and (6) that it appears 


without loss as sensible heat in the products of 
combustion. Neither of these assumptions is 
correct; combnstion takes place in stages and 
its degree of completeness depends on the tem- 
perature reah'sed in the flame (i.e. on the equili- 
brium constant proper to the flame tempera- 
ture), assuming that equilibrium has been 
reached. Furthermore, the products of com- 
bustion (CO, and water vapour) radiate heat to 
an extent depending on the temperature of the 
flame, which heat does not appear as sensible 
heat in the products. A grapMcal method for 
determining flame temperatures of gaseous fuels 
has been developed by A. J. V. Underwood 
“ Technical Data on Fuel,” 1935, and readers 
are referred to this for further details. The 
measurement of furnace temperatures and the 
like (Pyrometry) is, however, of great practical 
importance and many instruments have been 
devised for this purpose. 

A. Solid Fuels. 

1. Natt tp.at. Fuels. 

Coal. — An natural solid fuels have originated 
in woody tissue which consists principally of 
cellnlose ^(CgHjoOj), and lirnin (about 
nCjgH,,©,,), together with smaller proportions 
of proteins, resins, fats and waxes. The view is 
generally, though not universally, held that the 
fossil soh'd fuels, peat, lignite, coal and anthra- 
cite, represent stages in the progressive trans- 
formation and degradation under the combined 
infinence of increasing pressure and also possibly 
of temperature, of debris derived fiom the 
vegetation of primeval forests and swamps. This 
process has gone on in most of the great geological 
periods, and, so far as its early stages are con- 
cerned, it is being repeated to-day under some- 
what dmerent conditions in our modem peat- 
bogs and deltas, where enormous masses of 
water-logged vegetable debris are decom- 
posing under the influence of bacteria. A con- 
sideration of the geographical distribution of the 
world’s principal coal-fields shows that all the 
important fields adjacent to the North Atlantic 
and Arctic areas (which include nearly aR the 
fields of North-West Europe and iu the eastern 
part of North America) originated in what 
geologists call the Carboniferous Period of the 
Primary Era ; what may be termed the “ Indian 
Ocean ” group of coal-fields (which include those 
of China, India, Australia and South Afinca) 
originated somewhat later in the same period- ■ 
3Iesozoic coals are found in the interiors of 
North America and Asia (intra-continental 
group) ; while Tertiary coals are chiefly found 
in what may be termed the Pacific borderland 
(west of North America, Japan and New Zea- 
land) as well as in regions bordering on the Gulf 
of Mexico and the Mediterranean. 

The great coal-fields of the Carboniferous Sys- 
tem lie in a broad belt, stretching round the 
world almost in a great circle, and probably 
originated in a new monster vegetation flourish- 
inn in a rich virgin soQ, with an equable if not 
snbtropical climate, and large areas of shallow 
sea to which great quantities of sediment were 
borne fiom rivers. According to G. Hackling, 
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the microscopic examination of Cacbomfeiotis 
coals has shown that they have originated pre 
dommantly from wood and bark 
Vegetable tissue has been built up in all ^es, 
then as now, by the action of chlorophyll noder 
the infiuence of sunlight, stimulated by minute 
quantities of mineral salts drawn in by the roots, 
upon atmospheric carbon diozide and moisture 
An action which sets up a complex senes of 
chemical changes, with the intermediate for 
mation of sugars and starches, ultimately result 
mg in the production of celluloses and bgnocellu 
loses, as the basis of all woody tissue 
The vegetable forma which fiounshed m the 
Carbomferoua Period were of simpler structure, 
but of much greater size, than those which are 
predominant to day — lepidodendrons, sigiUarias, I 


gigantic ferns, club mosses, horsetails and form 
, intermediate between ferns and cycads — and i 
18 demonstrable that in certain cases (e g th 
Moira seam near Loughborough in Leicester 
shire) entire beds of cold have been formed fros 
the spores of such plants, which were produoei 
and shed m great profusion 
Much controversy has raged round the ques 
tion whether or not coal formation has occurrec 
upon the actual site of the original vegetabl 
growth, and in many cases the question can b 
answered affirmatively The necessary con 
ditions would be a dense forest growth u 
swampy areas, together with such oscillation 
m level as are known to have occurred durmi 
the Carbomferoua Penod During a period o 
subsidence, the rotting vegetable debris wouh 



be overlaid by water deposited sauds and clays, 
which, on re elevation, would provide a suitable 
soil for renewed vegetable growth Proof of 
such conditions is afforded by the occurrence of 
** under clays ” or fireclays with fossd roots 
(stigmana) below the coal seams in certain areas 
(e g the Yorkshire coal field), and. speaking 
generally, our Bntisb coal fields would appear to 
have been formed tn stlu On the other band, 
however, some cool fields undoubtedly owe their 
origin to enormous masses of vegetable debna 
brought down from higher levels and deposited 
either in deltas or in landlocked seas or lakes 
Such fields sho^N no fossil roots m the understrata, 
and sometimes fossd remains of aqueous and 
marine hfe are found immediately abore and 
below the coal seams 

Although the transformation process cannot 
be nsualised in all its details, its graeral outlme i 


may bo pictured as involving such succeasiv* 
stages as (i) fermentation in peat bogs, wberebj 
the less resistant parts of the vegetable tissu* 
would be decomposed, (u) progressive consoli 
dation and de watering of the residue by pres 
sure as it was gradually “ blanketed ’’ undei 
accumulating newer strata , (ui) laminatior 
produced by subsequent earth movements , ami 
I iiv) wbat, for want of a better word, has beer 
I termed “ bitiimirusation ” under the combinec 
influence of increasing pressure and in a sub 
ordinate degree of slowly rising temperature 
This Jitter probably did not exceed (if ever d 
approached) SOO^C , except in the rare case* 
where bituminous coals have been subscquentlj 
subjected to such inBaencea as igneous intnisiot 
or frictional heat generated by earth movements 
Such “ bitummisation ” seems to have involved 
taler aha a loss not only of both carbon dioxide 
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examples m which aathracitisation of bitn 
minous coals has undoubtedly occurred in con 
sequence of subsequent igneous intrusion or 
heat generated by intensive earth movement 

Although the organic substance of bituminous 
coals invariably contams small percentages of 
both nitrogen and sulphur — which presumably 
ongmated m vegetable proteins — its chief 
progemtors are generally regarded as celluloses 
and/or hgnms , but opinion is sharply divided 
as to which of these two glasses of orgamc 
material have been mainly responsible Thus 
while F Fischer (Ges Abhd Eohle, 2019 4 
342, 1020,5 136,160,200,211,235, 1921,6 1) 
and his collaborators maintam that durmg the 
* peat bog stage ” the celluloses in the onginal 
vegetable debris were decomposed leaving only 
the lignin to be subsequently transformed mto 
coals, Berl (J Inst Fuel 1932 5 382) has 
argued, from bis work on the “ coalihcation 
of plant products by heat under pressure, that 
while lignms may have been the chief progenitors 
of brown coals and ligmtes, celluloses have been 
mainly responsible for bituminous coking coals 
And he doubts whether bitummous coals have 
matured via brown coals and ligmtes, as is usually 
. supposed 

Assuming, however, the essential contmuity 
of the wood -> peat coal •^anthracite senes, 
the eequence of the vanous intermediate pro 
ducte may be represented as follows 


The Wood -► P bat -► Coal -► AKTiniAonB 
Sbbibs 

Woody tissue 


Pests ^ater-90 

(Quaternary) \CombuBtibIeBlO 

I Woody brown 

f coab 

Elartl^ brown coab fWater—CO to 40 

(Tertiary) \Combuatible=40 to 6( 

{^obratiblB-ro to » 
Sub bitununouo cools Jo'sO*'’ 


Bituminous coab 


/Water— 10 
\CoaI— 90 


Semi bituminous coab 


Anthracitic coab 


From the ultimate composition of typical pro 
ducts IQ the senes shown in Table III, it wiU be 
eeen that generally speaking while both the 
carbon content and the C/H ratio increase the 
oxygen content and yield of volatiles at 900'C 
dimmish with the matunty of the coal 
i substance 

; Wood when dry consists chieflj of cellulose 
I and from 20 to 25^o of Lgnm together with about 
j 4% of sap associated with a small amount of 
I mineral ash (chieOy CaCOj and K|COj) 
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Eecsntly feUsd tnaber coataEiH a large propor- 
tion of Trater (&o7a "6 to oO^o), the percentage 
depending upon tlis season oien the tree 
felied and the part of the tree esaminsd. When 
air-dr^d the moistnre may range betireen 12 
and 15% ; Mln-drying nay reduce it to as little 


as 5%. 


Timber is classed as “ hard " or “ sott " 
“ood ac-cording as it is derived Son trees trith 
broad leaves or conifers (narrotv-Ieaved). As a 
fneL TTood is very combustible, and bums tvith a 
great anonnt of Same, but it snSsrs &om the dis- 
advantage that the caloriSc value, even when 
dried, is low (Som 4,” 10 to 5,0S5 K.C.U. per fcg.), 
the higher values being for woods containing 
much re si nous matter such as Sr and pine. It is 
well adapted for domestic use and is also em- 
ployed for Sring boSers, its low ash content 
making S a dean fuel without clinkering proper- 
ties. Owing to the large content of hygroscopic 
water, fc is quite unsuitable for the attainment 
of high temperatures, unless S is Srst carbonised 
(charcoal) or ga si fied in a producer. On dis- 
tillation in dosed retorts or chambers it yidds 
under fevourahle conditions, 20—2-5% of char- 
coal, 9-13^0 of tar, 40-50^ o of pyroh'gneous add 
(corresponding to 2-4% anhydrous acetic add), 
and 22^23°^ of inSammable gases. The chief 
timber-producing countries are the U.S.Sd5. 
with 1,560 mini on acres of forests, Canada with 
739 million acres, the United States with 600 
million acres; other countries with important 
timber reserves are India, iforthem Ehodesis 
and 2figeria, with ISO, 113 and 99 million acres 
respectivdy. 

Accordhi to the “ Statistical Yearbook 
(1936) ” of the World Power Conference, the 
five countries which used the greatest quantities 
of wood as fuel in 1934 were : Germany (inclu ding 
the Saar), Poland, Nigeria, Tanganyika and 
Uganda, which eonsum^ 35-S, 13, 13-6, 20 a ^ 
10 million ca- m. respectively. 

The rapid demolition of the world’s reserves 
is becoming a serious economic problem, and 
while it is improbable that wood will ever again 
take an important rank as a fuel, nevertheles, 
in countries which are deficient in natnral sonrces 
of liqnid fuels, efibrts are being made to employ 
wood or charcoal instead of petrol to operate 
lorries. 

Peat is a widely distributed and abundani 
fuel of great future potentialky, but is as yet 
of little economic importance. It is usual to 
distinguish between bog peats to which the 
smaller forms of vegetation are the main con- 
tributors, and forest peats, mainly formed fimm 
trees. Peat-bogs are piincipany found in high 
latitudes; one-seventh of Ireland is covered 
with them, while in Great Britain about 6 
millioa acres are so covered to an average depth 
of about 12 ft. Extensive deposits also occur 
in Russia, Scandinavia, northern Germany, 
Bavaria, Austria, Italy and northern France, 
as well a sin Canada and Siberia. Forest 
peats, to which most Carboniferous coals may 
be referred, occur chiefiy in the dense forests of 
the tropical and sub-tropical rain belts. 

Peat deposits vary considerably in age, the 


Ifeht-brown in colour, of spongy texture, with 
distinct vegetable stmctuie. They contain a 
fairly large and va ri able proportion (5-15% as 
a rule) of mineral matter usually of an infusible 
character, composed of sulphates and carbonates 
of calcium and magnesium, ferric oxide and 
silica. Fuchs estimates that high-moor peats 
accumulate at the "rate of about 1 metre in 
1,000 years, and their age may exceed 5,000 
years. 

A wen-drained peat bog contains about 90% 
of water and only IO^q of combustible matter. 
Although about 90 ^q of the water can be pressed 
out mechanically in the cold, the residue is a gel 
sriQ containing as much water as combustible 
materiaL audit must be heated to 150-200'C. 
before the remainder of the water can be 
expressed. 

“ Air-dried ” peat stni contains fiom 15 to 25% 
of water; its calorific valne varies between about 
2,2-50 and 4,300 K.C.U. per kg., with an average 
of about 3,000 E-C.U. per kg. Dry ashless peat 
usually contains : 

C 50-64, H 4-7-6-S, O 2S-44 and N 0-5-2-5%. 

its sulphur content being low. 

Generally speaking, the deeper the peat lies 
in a deposit the higher rts carbon- and the lower 
its oxygen-contents, though there may be 
irregularities. According to Fuchs, as the peat 
matures pentosans tiimmfsb more rapidly than 
ceUuIoses. 

Oden and Lindberg, who analysed a large 
number of continental peats, found that their 
proximate compositions (dry) varied, between the 
following limits : 

Per cent. 

TVaxes and resins . . . 0-2— 3-7 

Celluloses 3'5— 9-5 

Humic and pectinic acids . 21 •0-27-0 

Lignins 15-0-71-0 

Residues 7-6-21-0 


Although the use of air-dried peat as a 
domestic fuel is very ancient, progress has been 
slow and in most cases so dependent on laborious 
hand-winninz methods that as yet peat has 
attained no great importance as a general fuel, 
its employment being restricted to localities 
near which it naturally occurs, ilany attempts 
have been made — ^notably in Germany, Sweden 
and Canada — to develop mechanical methods 
both for the excavation and spreading of peat, 
for its de-watering either by the application of 
beat and/or pressrie or by electro-osmosis. But 
while mechanical excavation has met with some 
success, no processes have yet been com- 
merciallv established for the mechanical or 
electrici de-watering of ppt. The problem 
is to produce blocks of briquettes containing 
not more than firom 15 to 30% of water from raw 
peat containing about this means the 

elimination of al least 95% of the original water- 
content, and to do so by heat alone would involve 
the combustion of more than the whole peat 
substance. 

Reliable statistics as to the utflisation of air- 
oldest peats havinu a dark- brown or black colour, [ dried peat in various countries are uiScult to 
with but merest traces of the original vegetable j obtain and such as are available can only be 
structure, while the more recent varieties are ‘ regarded as approximate. In Russia it may 

Ton. Y.— 22 
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po58ib}j DOW amount to as much as 10 miUiOD 
tons, m Ireland to 7 million tons, ui Germany to 
3 million tons and m Denmark and Sweden to 
between 1 and 3 million tons per annum IVom 
1908 onwards, the Canadian Department of 
Mmes has earned out extensive experiments 
on peat production and utilisation, and has 
issued several valuable Reports thereon by B F 
Haanel (1912 and 1914), A von Anrep (1914) 
and a Committee m 1922 and 1926 In 1926 
the XJ S Bureau of JImes published a compre 
hensive Report on the “ Commercial Utilisation 
of Peat ” (Bull No 253), while H M Fuel 
Research Board has issued Reports on “ The 
Peat Resources of Ireland” (1920), “The 
Winning and Utilisation of Peat in Ireland ” 
(1921) and “ The Production of Air dried Peat ” 
(1922) The Canadian Committee concluded 
(1922) that the then cost of producing a ton of 
air dried peat fuel containing 30% of zooisture, 
based on 100 working days of 10 honra each per 
annum, would be $4 48, which might possibly 
be reduced to $3 5 with a 20 hour day, the 
correspondmg costs at that tune in Denmark 
and Germany were estimated at less than $2 25 
per ton By 1928 the cost m Canada is said to 
have fallen to between $2 6 and $3 0 per ton 
In 1921 the Fuel Research Board carried oat 
some carbomsmg tests at 820-1,000'’C on air 
dried Turraun Insh peat contaming (as charged) 
20% of water, the results of which were publi^ed 
in Technical Paper No 4 
Although peat contaiomg up to 60% of mots 
ture has been gasified on a large scale u gas 
producers under ammonia recovery conditions, 
for successful commercial workmg the moisture 
content should not exceed 30% The richness 
of the gas depends upon the moisture content, 
but where this is not excessive, the " total com 
bustible” in the gas may amount to between 
35 and 40%, as m the following typical example 
COg 20 0, CO 10 0, H, 23 2, CH. 4 8 and 

Na42 0% 

It would seem probable that a ton of dry peat 
should be capable of yielding up to 90,000 cu ft 
of gas of an average gross calorific value 140 
B Th U per cu ft , though part thereof would 
be required to raise steam for working tbo 
ammonia recovery plant 
With regard to power production via gas 
producers and mtemal combustion engines, tnsb 
made by the Canadian Department of Alines m 
1910-11 at the Fuel Testing Station, Ottawa, 
showed at full load a consumption of 1 7 lb 
and at three quarters load 2 1 lb of dry pest 
per B H P hour 

At the Wiesmoor Electric Power Station m 
Ostfncsland, Germany, the capacity of which 
was increased after the war of 1914-18 to 21,000 
kw and where the boilers, which supply steam 
to the turbo generator, were partly fired 
(30,000 tons per annum) and partly peat fired 
60,000 tons per annum), the best consumption 
obtamed with air dried peat was 4 85 lb (2 2 kg ) 
as compared with a best consumption of 2 C5 lb 
(I 2 Lg } of coal per kw hour, the average peat 
consumption being 6 6 lb (3 0 kg ) per kw 
hour 

According to information given at the World 


Power Conference m 192S, the use of speciaUy 
designed shaft chain grate furnaces with air 
blast pre heated to 350®C has enabled air dned 
peat contaimng 35-38% of moisture to be so 
effectively burnt under boilers that already 
peat fired electnc power stations of a totd 
capacity 612,000 kw were either working or 
m course of erection m the USSR Among 
these may be mentioned Shatura (115 km from 
Moscow), with an imtial capacity of 48,000, but 
designed for ultimate extension to 100,000 kw , 
Leningrad of 110,000 kw ultimate capacity, 
Nijni Novgorod and Lyopino In 1928 the 
total production of peat in Russia was 7 milLon 
tons, of which SJ iniilion tons were for mdusfnal 
and li million tons for domestic purposes 
Indeed it has been claimed that “ the problem 
of economically burmng peat m the USSR has 
been satisfactorily solved, smee peat (low grade 
fuel as It is) has been burned with as high a 
calorific efficiency as the highest grade fuel,’ 
and certainly in Russia large scale electnc power 
generated from air dned peat may be regarded 
aa an established process 

Brown Coals, Lignites and Sub-bitumin- 
ous Coals — Brown coals and hgmtes comprise 
a large class of chiefly Tertiary coals, occurruig 
(i) m what may be termed the Pacific border 
lands (t e id America west of the Rockies, Japan, 
Austraba, New Zealand and the East Inmes), 
(u) in India, Burma and Alalaya, (lu) in regions 
adjacent to, and m contmuation with, the Gulf 
of Mexico (t e Texas, Mississippi, Arkansas and 
Alabama), (iv) m regions north of the Alediter 
tanean, including the Central European Plain, 
and finally (v) in a large area in the United States 
and Canada (comprising North and South 
Dakota, Montana, Wyoming, Saskatchewan 
and Alberta) m which coal formmg conditions 
prevailed during the Cretaceous Period and 
were contmued m great luxunance into the sub 
sequent Tertiary Era In the last pamed area 
there are immense reserves of brown and black 
Lgnjtes in the Tertiary and of sub bitummous 
coals in the Upper Cretaceous formations and 
great sciamic movements consequent upon the 
elevation of the Rockies after the coalfield 
was laid caused local bitummisation and even 
anthiacitisation of the fields 
Owing to their comparatively recent ongin, 
brown coals and hgmtes are mostly found near 
(or not far from) the surface, so that they can bo 
won at no great coat by either open workings or 
shallow mining Aloreover, they include a great 
variety of fuels which may b© generally sub 
divided, according to their external characters 
and matunties, into (1) earthy brown coals, 
e y the AustrabanMonrell brown coal , (2) woody 
brown coals (e y the Itaban Valdarno brown 
coal), which have a marked woody structure, 
as though they had never passed through any 
“ peat bog ” stage, but bad merely become 

“ fossilised ’’during complete submergence under 

water; (3) laminated Lgnites, mainly black in 
colour, with a conchoidal fracture which, 
though quite devoid of coking properties, never 
theless (as will be shown later) are sufficiently 
matured to show the incipient formation of 
constituents which when fully developed in 
bituminous coals are mainly responsible for 
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tlisi cosing propensities. It -oill he seen that 
(2) is a special class, out of line -vrith tLe other 
trro ; and there are border-line classes betrreen 
{!) and (3). 

Xhe raTT coals contain from 60 dovmrrards to 
20*^0 o? x'Bter, according to their inatnritv, the 
enpnlaon. of Trhich tisnaJlv canses disintegration, 
and from 0 np to abont 7-5% of 3Iontan rrax 
(m-p. nsnallv 7.S— SS'^} and sometimes other 
bodies of vaseline-like consistencv extractable 
bv boding benzene under atmospheric pressure. 
When present in snScient amcinnt these nsefhJ 
incidental constituents render the dried coals 
compressible into briquettes vithont addition of 
any extraneons binder, ilontan vrax is nsually 
a mixture of higher fatty acids and their esters 
vrfth (possibly) higher hydrocarbons. Four such 
vraxes extracted &oiu German brorm coals in 
the course of researches at the Imperial College 
(Proc. Eoy. Soc. 1934, A, 147, oS), melted 
benreea SO and So'C., and bad empirical 
formnla anproximatms to vrhere 

k=29-S2. ‘ ‘ 

Proximate and nltimate compositions of a 
series of typical brarm coals and lignites are 
given in Table FT. 

From the point of vie— of utilisation, brorm 
coals and lignites suher fimm several inherent 
disadvantages, (i) their content of vrater is high, 
and vhen &ed they tend to disintegrate, giving 
much fine dust, (ii) even ■vrhen feed, their 
calorific values are lorr (5,500-7,000 K.C.U. per 
kg. on the dry ashless coal), and (in) cving to 
the very high yield of volatile matter, they 
bum vdth long smoky fiames. XotTvrthstand- 
ing these disadvantages, ho— ever, broTm coals 
and lignites are successfely employed for steam 
raising, notably in Germany and Austria, tthile 
it may be mentioned that the electricity supply 
of the city of Melhoume is derived &om the 
YaHoum (earthy brorm) coal of the Latrobe 
Valley (tae “ The Utilisation of Brotvn Coal 
in Victoria.'’ Empire Affnfng and lletallnrgical 
Cougress, Montreal 1927). 

W- A. Bone (Proc. Eoy. Soc. 1921, A. 99, 236), 
sho-^ed that by heat beatmeut of dry broTm 
coals and lignites at temperatures belou- 400'’C. 
considerable condensation of their cellulosic or 
I humic constituents may be eSected, ■srith 
I simultaneous elimination of oxygen as oxides 
I of carbon (mainlv CO,) and vater. but vithout 
' expulsion of either hydrogen or hydrccarbons. 
j As a result of tbfj treatment the dry a=hJess coal 
substance loses &om S to 15% in -weight vrhhe at 
the same time, practically the vrtole of the 
I potential energy of the fuel is concentrated ia 
! the residue. 

I The sub-bitumihons coals form a some— hat 
j Si-defined class of (chiefiy) Cretaceous coals inter- 
i mediate betrreen the lignites and the bituminous 
I coals. They usuaSy contain from 10 to 217)3 
I of tcater and are devoid of coking properties. 

I Thev are vrell matured fuels, in external appear- 
I ance more of figniri; than bituminous typo, 

I but in ultimate compositicu they approximate 
! to the lomest grade of the latter. In the dry 
! ashZess state they usually contain hotmc-cn 75 
I and O- carhca. and from 10 to 20^o 

i oivgcn, and at S'j'l’C. yield aloct io°o 
{ voiatilss. 
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Bituminous, semi-Bituminous and 
Anthracitic Coals — The term “ bituminous ” 
IS appbed to a whole eenes of matured flaming 
coals of Catbomferous and Sleaozoio ongin, 
including all tjpes of coking coab, the com 
mercial importance of which exceeds that of all 
other kinds 

They are all outwardly black m colour, with 
often a banded appearance, a lammat^ or 
columnar structure with a tendency to cubical 
fracture, and they usually soil the bauds 
Generally speaking, the ultimate composition 
of the dry ashleas coal falls between the flowing 
limits 

C 76-90, H 4 5-6 6. N 1 0-1 5, S 1 0-2 0 and 
O 6-20% 

The yield of volatiles at gOO®© vines between 
18 and 45% 

The chief coal producing countnes are, and 
have been for many years, the United States, 
Great Bntain and Germany, which have pro 
duced upwards of 65% of the annual world 
output of black coal Figures for 1913, 1929 
{when the peak of coal production was reached) 
and 1935 are given in Table V 

Table V — ^Wobld's Production of 
Black Coal 


MULoa metric tosa 



1913 

1929 

1 1935 

United States 

503 7 1 

543 6 

381 3 

Great Britain 

287 4 

258 0 

220 5 

Germany (post 




1919 territo^, 




including the 




Saar) 

152 1 

174 2 

144 7 

Other countries 

246 8 

327 8 

373 6 

Totals 

1,195 0 

1,303 6 

1,126 0 

1 


niff average neif costs of proalictiou per ton oi* 
commercially disposable coal m Great Britain 
ui 1913 and 1935 were 9r Sfd and 13s ll|d 
respectnely, while the amount of coal raised 
per person employed had risen from 260 to 289 
tons per annum At the same time, the average 
consumption per head of population fell from 
89 to 72 cwt The reduction m demands for 
British coal since 1918 is to be asenbed mamly 
to three factors (i) reduction m foreign ex 
ports (to the extent of about 33 milhon tons 
per annum in 1935 as compared with 1913) 
arising from the intensive development of coal 
fields in continental countries which previously 
imported large quantities of coal, (u) the ei 
tensive adoption of hquid fuels by the mer 
cantQe mannes and navies of the world and, 
(ill) progress in fuel eeonomj the effect of which 
probably amounts to a reduction in internal 
demands for coal of upwards of 25 million tons 
per annum A detailed discussion of the 
economic aspects of the Bntisb coal industry is 
given by W A Bone and 0 W Himus in “ Coal. 
Its Constitution and Uses ” Longmans, 1936 
A comprehensive report on the coal resources 


of the world was issued by the International 
Geological Congress m 1913, according to which 
the total probable and possible reserves of coal 
of all kinds (anthracite, bitaminous coals and 
hgmtes) withm 6,000 ft of the surface amounted 
to 7 4 million miihon metno tons, or about 5,500 
times the present total annual consumption 
Although revised estimates have smee been put 
forward, notably for the reserves of China, 
which appear to have been much over estimated 
no comprehensive survey has smee been made 
Accondmg to the J9I3 report, of the total world 
reserves, 6 75% are anthracites (mamly in 
China), 52 75% are bituminous, and 40 6% are 
sub bitummous (hgmtes and Tertiary brown 
coals) , 61 8% occur in the Umted States, 16 4% 
m Canada, 13 6% in China, 6 7% m the pre 1914 
German Empire, 2 6% in Great Britain, 2 3% 
in Siberia, and 21 2% m Au^traba South 
America and Afnca are relatively devoid of 
coalfields 

CLASSmOATION OF COAL 

For commercial purposes, coals are classified 
accordmg to their suitabihty, or otherwise, for 
certain specific economic ends, e ^ steam raismg, 
furnacefirmg. gas making, manufacture of dense 
metallurgical coke and the hke The usefulness of 
any given coal for a particular purpose depends 
pnneipaUy upon (i) its yield of volatiles expelled 
at 900-1,000^(3., wbch largely determines the 
length and character of the flame produced 
during vigorous combustion , and (ii) the 
character of the carbonaceous residue after the 
volatiles have been expelled at high temperature, 
which doubtless depends in part upon the nature 
and mode of decomposition of the *' bmdisg 
constituents of the coal F<^r economie pur 
poses, Percy proposed to class bituminous coals 
as (i) non caking, free burning, rich in oxygen, 
and (uj) non raking, rich in carbon 
Mveral cJassifications have been proposed based 
upon tbe ultimate composition of the dry and 
ashless cools One of the most useful is that 
generally known as the Regnault Griiner which 
IS sfiown in a iQocl'erm3e<f torm in .Tafii’e 7T 
This classification has been Criticised in that it is 
based largely on the oxygen content of tbe coal, 
which bears all the analytical errors, and also 
that it underrates the importance of hydrogen 
C A SoyJer, as the result of a special study of 
the coals of South Wales, has put forward a 
chemical classification based upon tbe per 
centages of carbon and hydrogen in the pure coal 
substance He divides coals into five pnncipal 
genera, according to their hydrogen contents, 
each genus is then sub divided into a number of 
species according to tbe percentage of carbon 
The classification which is detailed m Table VII 
thus really depends on two factors, namely, in 
the first place upon the hydrogen content, and 
m the second upon a C/H ratio 
The Geological Survey of the United States, 
independently of Seyler’s work formerly also 
adopted a classification based upon the C/H 
ratio in the pure coal substance Of recent 
yeara, however, a clissificatiop, shown in Table 
VIII, based upon the proxiirate analysis of tbe 
Rshiess raw coal and its physical properties, 
has been adopted 
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All tho luiiHorioul data in llio above table refer to the dry aiihlemi coal. 





























Table VII — Sb^lebs 


342 


rOEL 


1 

a 

Ortho 

80 75% 

1 1 

1 

1 1 1 

1 1 1 

1 1 1 

1 

5 

3 «, 

■2 Sr- 

1 

s ® ” 

Ph 

P 00 

1 

^ — w 

1 i. 

•§ 

m ^ 

1 

1 1 1 
w 

1 1 1 

1 

1 

5 

£ 

1 

s 

o o 

Jl ;i 

sS <51 

£ 

l-f 1 

^|«>o 
pJd J 2 °'?T 
|io 

« ® ** “* 

“ Ck-S— « 

,eS £• rt'Q 

8 § 

i 'i 

p a p> 

•a 

S §~ 

S. ® 

^ “* 

ut 

i 

i e 3 

111 1 1 
o n -2 

■a 

£ 

J s i 

III II 

-OS'S 
o -o 

£ 

J3 

t, 

o 

« 

1 

i 

1-3 Wg 
'f ^ J 

o *S 

b m 

0-, 

«‘5'3 

3 § © 

Bus 

9 9 t© o 

in 3i 
III 

S|i 

On 

o a 

9 ** 

S'i.g ®« 

■fir 3| 

III 

CO 

L? 

I'i ii 

®=l lo 
■§®2 

1 

2-§ ^ 

III II 
S’Sj 

|S| 

1 

S 

a 

g 

s s 
|| 

'1 

i! 

!f It 

2| 

'■& 

3» 

ij 

||| n 
ll 

CO 

Pseudo carbonaceous 
(Sub meta 
Intummous ) 
steam coala 

3 7-i5 

10-16 

III 

mr^ 

1 

5 

1 

1 

u 


1 

1 1 1 

3 

s 

5 00 

5s 

1 & «o 

1 

6 

Is ll 

g-5 © fi B 

iiois-a" 

o - ® 8^SI 

a|°^« 

tSi. 3 s 

Carbonaceous species 
(Ortho carbonaceous ) 

Vt elsh smokeless steam 
coals, sLghtly coking 

4 2-13 

10-14 

Pseudo anthracite 
(Sub carbonaceous ) 
Dry steam coals 
Bastard anthracites 
Below 4 2 

Under 7 7 

Anthracitic 


1 

o 

1 1 1 

1 1 1 

1 1 1 

1 ^*3 

2 » g g "t 

<« g-c 

i 

CO a 

ll S 

II jS 

sS a 

K E 

1 

S 

w 

1 

is 

2g 

^ i3 

s ^ 

I i_ 

C 

s •> 

p a g'eo 

|a 

9 _ 

& 

I 

i » 

ii 

^ Si|: 

1 g| 

I- 1 


FUEL. 


Vlii. — ^AyjxTnci::- Lrsnrs Ayi> Csirzszi. ro2 VAEiors Exyys 02 

CoiX. 

’jrcirr to txe i_ G-ro!"^ccI Shttcy and Bnreat: of ilirLss.} 


■^r Iz- Sf-- 

'-- B-Tixf; per To. i 


Stjiiznl rrcT’: 


B. Lixxite. K'-Sf 2S-3l> f5-37 6,400— S^CU* | SLicSs neelv ox 't^c.tLeiixc : nox- 

ccHxr: no— xerx port of Great 
I Pixfxs axx Gxlf Coastal area. 

C. Sxb-bttx- 32-12 32-S-S S5-60 S.55B-ll,C*;“j| Eacbsco^xsrabljox— eatierixx: 

possffclY certaix ccalSeIxs cf 
I Io~. IHixotH, llissoxri. 'Westeni 
KexrxCiY and Indiana. 


D. Bfttxxfxtxs. , If?-o 3?-42 4?-^3 SIfxnt or no slac 




ixxr nxty be cokiiix: aE coal-' 
> bearfxx states except tte 
^ Dakotas. 




G. centi- 


5-35 4'*‘-22 55-75 I4.0X*-15.C''>Z*‘ Xo slacxixg propertfes; often 

i coktxg; mcsr abxndant in Ap-^ 
I palachiax £eld. btrt fotxtd. in 
most cocl-beatixx states. 

* I I p 

25-23 23-15 74-S2 15JK'0-15.SC0} Frfsble: cckrnx; rearly stnose- 

j less; Central Pennsylvania ;Xe— 
j Erven Pocciontns feld: Font 
I Snnth £eld of Arkansas and 
1 OHahoxia. 

Feel ratio (F.C. TALli ntoxa 4-0-IC'-0. | Less bard and less Insnrons than 

I typical antbracife; neanLykens. 

3 sz 2 cs and Carboxdnle in Penn- 
' sylvania : Ideado- Branch Seld 
cf "West Virginia; and Vall^, 

, feld cf Viminia. 


iH Pexnsvivanis anthracite vrfth feel ‘ Pennsylvania anthracite. 


ratio over 10 -C*. 


JL Snper- 


I Eesentbles graphite ; Bhoce Island 
i- and Sonthem Jlrssnchnsetts. 

I Local deposits one to nteta-' 
morphism cansed by volcanic 
i dvkes and sills. 


Alihongh- as already stated, in Carboniferons r and vield be..- ten lo ann of voIajSs- 


at 9'jO^C. and npvrards nsnaiy increases pro- 
gresaiveiy as the yiein of volatiie falls, a point 


is reached (some— here betveen 15 and ISJq There is mnch evinence m snpport ot the viev 
volstiies) at vthich the cokinn pronensitfes that these semi-bitemmons coals have beer 


at EOCdC. They are sH frst-clas ste^-raising 
cods •^r p-Tl TTT G orsu^iir s. 


^ st Tndch the coMnz propensrrf^s [ that tL. . 

atmptlv disappear and the eexi pass into the formed throngh the action of h^t. ansmg^from 

oc-tnning in the central pettion of the Sonth b itnni inons. 

vVales cacl-neid (r. jn/m}. In the dry ashTess Tr- g anthracitic gsnns comprse coals cantain- 




m in the drv ashless state nptvards of 9it5o 


C &f‘-92. H 4-0-4-5. O 3-n-4-5. N and S f carbon, and yielding less than 15% of volatiles 
J .50 - t ofltjF srd they may be strb-divided into : 
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(i) Anlhraeiiic . — Hard steam coals jieldmg 
at 900® between 8 and 15% of volatiles, devoid 
of calling properties and burning smokelessly 
with a short non Inminous dame They usually 
have a low content of infusible ash As a ^picu 
example, a coal hrom a seam in the Mam Colheiy 
Company at Neath m South Wales of the 
following composition may be cited 

C 89 05, H 3 90, N 0 40, S 100, O 5 65% 

(u) Anihraciles are coals yieldmg less than 
8% of volatiles at 900®C In Great Britain they 
are found for the most part m the west and 
north west border of the South Wales coal field 
(West Glamorgan, Breconshire, Carmarthenshire 
and Pembrokeshire) over an area of 137,000 
acres, and to a small extent m certam localities 
in Scotland (Ayrshire, LinLtbgow and Fife), 
where the bituminous seams have been subjected 
to intmsion of molten igneous material subso- 
qnent to the formation of the ongmal coal field 
Nearly SO^o of the world’s reserves of anthracites 
are said to be located in China, and there are also 
extensive fields in Hossia and the Umted States 
(Pennsylvania) 

Anthracites are usually distinguished by their 
very low ash content and comparative fieedom 
from snlphor, owmg to their cleanliness and 
smokeless combustion they are used chiefly for 
domestio heating in specially constructed closed 
stoves, for central heatmg furnaces, for drying 
malt, curing rubber, and other special purposes 
where a smokeless fuel of great punty is requited 
The advantages of anthracite for domestic heat 
mg are more appreciated on the Continent, where 
closed slow combustion stoves are largely used, 
than m England where the open fireplace is the 
rule 

A typical example of a Scottish anthracite, 
from hlanor Powis near Stnlmg, contained 
C 92 5, H 3 2, N 1 8, S 0 9, O 1 6% oa the dry 
ashler coal 

The Geogbafhicai. Disthibutio^ of' Coal,. ‘ 

British Coalfields — ^The coalfields of I 
Great Bntaimmay be grouped mto three pnnci 
pal areas, each havmg distinctive features, 
namely (a) Southtm (South Wales, Forest of 
Dean, Bnstol and Kent). (6) Central (Lancs 
shire and North Wales , Yorkshire, Derbyshire 
and Nottinghamshire , Leicestershire, Stafford 
shire and Warwickshire), and (c) AortAem 
(Durham and Northumberland, (^mberland 
and Scotland) The more important fields are 
as follows 

(1) Sovth ITaZes (Monmouth, Glamorgan. 
Carmarthen and Pembrokeshire), covermg an 
area of about 1,000 square miles, of which 150 are 
under the sea, with seams from 1 to 12 ft (average 
2 5-3 0 ft ) thick, and vieldmg all classes of co^ 
namely, bituminous (31%) steam coals (47^o), 
and anthracites (22®o) The Carboniferous 
strata he m an elongate basin which is almost 
completely surrounded by older formations and 
complicated towards the south by an anticlinal 
fold running east and west The basin is much 
faulted, and the nvers have cut a senes of deep 
valleva along which the coal seams crop out 
Speaking generally, and for correspo n ding 


depths below the surface, there is a gradual 
transition m the character of the coal tom the 
cokmg varieties in the east and eonth.east, 
through the first class steam coals of the centre, 
to the semi anthraates and anthracites m the 
west and north west. The supposition that the 
anthra citisation has been due to pnor bitummous 
seams having been subjected to heat generated 
by an increasing earth pressure has b«n ques 
tioned by Strahan and Pollard, *' Memoirs of 
the Geological Survey,” 190S, who, tom the 
fact that the ash content of the anthracites is 
invariably much lower than that of the bitn 
mmous seams which are their contmuatioo, 
suggested that the difference between the two 
claves of coal may be due to some original 
dispanty m the vegetable debns tom which they 
have Iwn derived, but no proof of it has yet 
been forthcoming and, taken as a whole, chemical 
evidence is against it In the eastern and 
aonth eastern sections of the field, the npper 
and middle parts of the measures are cZuefly 
worked, yieldmg good cokmg and bituminous 
coals , in the central sections, the middle parts 
of the measuiea (the Pennant Senes) pre 
ponderate, whilst m the extreme west the seams 
occur m lower parta of the measures only The 
percentage composition of the more important 
classes of coals usually falls withm the foUowmg 
linuts 


Lmmso Coirrosmovs of the Moee 
Imfoetujt Clisses of Socth Wales Coils 



I The estimated reserves amount altogether 
to 26,000 milli on tons, of which 6 310 milhon 
tons are anthracite and 3,936 million tons semi 
biluminons steam coals In good years the pro- 
duction of the field has exceeded 50 million ton*, 
but in 1933 it was only 33^ milli on tons 
(2) Fopwt of Dean — A small field (34 sq 
mil es) forming a complete basm between the 
Wye and Severn valleys, and containing thirtv 
one aeams, of which only suteen exceed 1 ft 
in thickness It is usuallv regarded as an 
ontber of the South Wales coal field The total 
thickneos of the measures is 2,765 ft , and they 
are completely girdled by older formations 
The coala resemble m character tho«e found in 
the eastern section of the South Wales field , 
the upper and middle parts of the measures 
vicld excellent gas and house coals, whilst the 
lower parts which, however, are difficult to 
work owing to accumulations of w^ter therein 
contam go^ steam coals The total estimated 
reserves in the field are 25S tniUion tons, and the 
annual production smee 1918 haa vaned usuallv 
between 1 And 1 5 milhon tons, the maximom 
having been 1*438 million tons m 1023 
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(3) Bristol (Somerset; and Gloucester). — ^The 
coal-fields of this region form a number of basins 
of varying areas, the edges and outlines of 
vrhicb are masked by newer rocks, so that there 
are fire or six detached exposed fields, in all 
about 2590 sq. miles, and a considerable inter- 
vening area of concealed coal-fields. The mea- 
sures are divided into upper and lower portions 
by a sandstone bed, some 2,000-2,500 ft. in 
thickness, known as the Pennant Eock, which, 
although it contains locally some thin coal 
seams, is practically unproductive. The upper 
parts of the measures (the Eadstock and Far- 
rington Series) yield bituminous house and gas 
coals; the lower part (Kingswood and Vobster 
Series) yield both house and coking coals. The 
combined annual outputs of the various fields 
is comparatively small, and is almost all con- 
sumed locally. The Kingswood Great Vein coal 
contains : 

Moisture 1-6, ash 4-1, C 81-8, H 4-7, N 1-4, 
S 0-9 and O 5-5%. 

The estimated reserves amount to 4,198 million 
tons, and since 1918 the annual production has 
varied usually between 1-0 and 1-5 million tons, 
the maximum being in 1920. 

(4) East Kent . — A concealed coal-field near 
the East Kent coast, now known to have an area 
of 206 sq. miles (namely 150 on land and 56 
under the sea), was first proved in 1886 by an 
experimental boring at Shakespeare’s CUff, 
Dover, where coal measures were encountered at 
1,100 ft. below the surface. It is generally 
considered as a westward prolongation of the 
coalfields in Belgium and Northern France, and to 
have originated contemporaneously with those 
of South Wales, Gloucester and Somerset. The 
Kent coal measures, of which between 4,700 and 
4,000 ft. have been proved, consist of greyish 
sandstones, shales and fireclays with numerous 
coal seams. The coal measures lie concealed 
below chalk and other Upper Cretaceous for- 
mations between which and the Palsozoic floor 
a wedge of Lower Cretaceous and Jurassic rocks 
has (so to speak) been introduced in a south-west 
to north-east direction. The coals, which are aU 
bituminous and similar to those of Somerset- 
shire, are being worked at the Tilmanstone and 
Snowdown collieries, and at the latter have the 
following proximate compositions : moisture 
O-S-1-7, ash 2-5-7-5, fixed carbon 63-75, 
sulphur 1-0-1-3, volatiles 21-28%. At Tilman- 
stone, the raw coal from the “ Five-Foot 
Seam ” contains about 1% of moisture and 
about 6% of ash. and the dry ashless coal 
contains : C 85-0, H 6-0, N 1-2, S 2-4 and O 
6-4% with C/H 17-0. It has been estimated 
that the total reserves exceed 2,000 million tons, 
and in 1933 the output was 1-92S million tons. 

(5) Staffordshire, divided into (c) North 
Staffordshire (100 sq. miles), and (6) South 
Staffordshire (150 sq. miles). In the Xorth 
Staffordshire area the sequence of upper, middle 
and lower coal-bearing measures underlain by \ 
the Millstone Grit and Carboniferous Limestone 
is complete although much broken by faults. 
With the exception, however, of two seams which 
have been worked along the eastern boundary 
in the lower portions of the mea«urc=, all the ■ 


principal workable seams (fourteen in number) 
occur in the middle portions of the measures and 
most of them average 6 ft. in thickness. They 
yield good coking as well as gas, house and 
furnace coals. Some of the seams are worked 
in conjunction with the Black Band ironstone 
found in the coal measures in this area. The 
reserves are estimated at 4,500 million tons, and 
the annual outputs since 1918 have usually varied 
between about 5-5 and 6-5 million tons. 

The South Staffordshire area is divided by a 
fault into a northern and a southern section. 
The northern section contains some fourteen 
workable seams in the middle portions of the 
measures ; towards the south the measures 
thin out considerably and a number of the 
individual seams are found to have converged, 
finally forming the once famous Dudley Ten- 
Yard Seam. Neither ilfilstone Grit nor Car- 
boniferous Limestone occur below the coal- 
bearing measures. The coals include both gas, 
house and furnace varieties ; neither steam nor 
hard coking coals are found. In places the coals 
have been damaged by igneous intrusions such 
as that of Eowley Eegis. The total reserves 
are estimated at about 1,416 million tons and 
the ann ual outputs since 1918 have usually varied 
between 1-4 and 2-0 million tons. 

(6) Warvricl-shire . — ^This coal-field comprises 
an area of about 60 sq. miles in the north and 
north-east of Warwickshire, between Tamworth, 
Nuneaton and Coventry, in which the sequence 
of the Carboniferous rocks is the same as that 
found in South Staffordshire (q.v.). The total 
thickness of the productive measures is greatest 
in the north, where also the individual seams are 
most numerous ; towards the south the measures 
get t hinn er and some of the separate seams con- 
verge to form much thicker ones, as in South 
Staffordshire, The coals are generally oxidised 
and, therefore, non- coking, with a high percent- 
age of volatiles. The reserves are estimated at 
about 1,125 milli on tons, and since 1918 the 
annual outputs have mostly varied between 4-5 
and 5-3 milli on tons. 

(7) Leicestershire . — The exposed coal-field in 
north-west Leicestershire covers an area of 
about 30 sq. miles, beyond and around which, 
however, the coal measures continue for another 
54 sq. miles as a concealed field under later 
Triassic rocks. Unlike the coal-bearing mea- 
sures in South Staffordshire and Warwickshire, 
those of Leicestershire are underlain by 3IilI- 
stone Grit and Carboniferous Limestone. The 
coals are free-burning and similar in type to 
those of Warwickshire. The estimated reserves 
are 1,825 million tons and the annual outputs 
since 1918 have usually varied between 2-0 and 
3-2 million tons. 

(8) Yorkshire, Derbyshire and Xo'tinqharishire. 

^Xhis. perhaps the largest of all our British 

coalfields, compii'cs an area of SOS sq. miles 
of exposed and 1.32S sq. miles of concealed 
measures. The cxpo'cd measures stretch in an 
unbroken fine for a distance of 6.7 miles from 
Leeds in the north to Nottingham in the south, 
the breadth being about 23 miles at its m.axi- 
mum towards the north, and about 10 miles .at 
its minimum near the southern end. Throurh. 

• out the area the sequence of the Carboniferous 
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Sjstem IS complete, and coala have nowhere 
been affected by igneous intrusions The upper 
measures have been proved m bormg operations 
under the New Red Sandstone, but they are 
everywhere unproductive of coal The chief 
workable seams nearly all belong to the middle 
parts, although one or two important seams 
occur m the lower parts of the measures The 
coals are highly bituminous, with from 25 to 46% 
of volatiles, and, although varied m charactn, 
are nearly all of high grade quality. Some of 
the best English house and gas coals, as well as 
good cokmg and steam coak, are derived from 
the different seams m this field Speakmg 
generally, most of the seams fonnd north cf 
Sheffield have marked coking propCTties, al 
though none of the coals yields so good or hard 
a metallurgical coke as do the famous Durham 
cokmg coals South of Sheffield the coking 
properties of the coals diminish, but their gas 
makmg quabties improve In the southern part 
of the field (Notts ) the seams have apparently 
been oxidised, and although the coals obtained 
from them 3 neld a large amount of gas, they are 
non coking The concealed measures extend 
eastwards from the exposed measures and 
include (m Yorkshire) collieries adjacent to the 
L N E R mam hne between Bawtry, Doncaster 
and Selby Full reports have been made by 
the Fuel Research Board on the “ Barnsley,” 
" Beeston,' Deep Hard,” “Parkgate” and 
“ Silkstone ” seams in this field 
The field is the most prolific of all British 
coal fields, tn 1929 and 1932 the outputs were 76 
and 62 million tons respectively After satisfying 
all requirements m its own area it exports bouse 
coals to London, gas coals to Birmingham, coke 
and cokmg coals to the blast furnaces at 
Scunthorpe and Frodmghatn (Lines ) and steam 
coals abroad 

(9) Laneashtre — An irregular area, much 
faulted and broken by an east to west anticline, 
extending from Burnley m the north to Ashton 
on Lyne on the south (with a long tongue pro 
jectmg southwards through Stockport to 
iftkccintfeiby, anu’ ifom i51hllam in tSle easiT i5o 
St Helens m the west The total exposed area 
18 about 600 sq miles The principal seams in 
the southern and central areas of the field are 
all found in the middle parts of the measures, 
the upper parts nowhere containing workable 
seams The seams in the lower part of the 
measures become important in the nortbeni 
districts in the neighbourhood of Acenngton 
and Burnley The coals from the seams in the 
middle parts of the measures belong almost 
exclusively to the gas coal class and generally 
contain from 30 to 75% of volatiles Several 
of these seams, notably the Yard SIme, Axley 
and Trencherbone, yield a fairly good coking 
coal The famous ‘ Mountain Sline ” scams 
occurrmg m the lower parts of the measures 
(Burnley and Acenngton) yield coals contaimng 
from 26 to 27% of volatdes, which produce a 
coke almost, if not quite, equal to the best 
Durham coke The I^el Research Board has 
pobbsbed detailed reports on the ‘‘Ariey,’* 

“ Mountain Mme,” “Kmg," “Ravine,” “Smith” 
and Wigan Four Feet seams in this coal field 
The reserves m the exposed field have been eati 


mated at 4,238 milbon tons and contain the 
deepest workmgs m Great Bntam (e y reaching 
3,500 ft at Pendleton Colhery, near Manchester) 
Its outputs since 1918 have varied between 13 
million and 20 milli on tons per annum, mostly 
for consumption within its own borders, but 
the immng mdustry has been depressed sym 
pathetically with the cotton trade of Lancashire 

(10) North TFolea (Flintshire and Denbigh 
shire) — ^This field (area=82 sq miles) is similar 
m character to the Lancashire field AU tbs 
workable seams, however, are m the middle 
parts of the measures The coals are stmilai in 
character to those occurring in the southern and 
central portions ofthefield, they contain from 
33 to 35% of volatiles, and yield a fair quabty 
of coke The reserves are estimated at about 
1,750 milbon tons and smee 1918 the annual out 
puts have usually vaned between 2 6 and 3 S 
milhon tons 

(11) Durham and Northumberland — In the 
great northern region of which Durham and 
Northumberland form an important part, there 
IS a development of coal seams (more strongly 
marked the farther north) in the equivalent of 
the Carboniferous Limestone, a feature which 
13 absent in the Jlidland and Southern fields 
The total area of the field is about fiOO sq mil^ 
Id the Limestone Senes there are a few workable 
seams which mcrease m number and thickness 
from south to north, but m the mam part of 
the field the coal occurs chiefiy in the middle 
parts of the measures The southern and western 
districts of Durham probably produce the finest 
coking coals in the world, yielding from 22 to 
28% of volatiles and comparatively small 
amounts of eulphur or ash The central district 
(Sunderland to Newcastle) moduccs fine qualities 
of gas and house coak The Northumberland 
seams are for the most part oxidised , they con 
tarn a rather large amount of moisture and are 
non coking They are largely used for steam 
coals, and they are excellent as gas producer 
coak The Fuel Research Board has issued 
detailed Reports on the “ Jfain and “ Yard ’’ 
scamymi^b^umderjhna’, anu’xfie “ifrocilwwl' ” 
and “ Hutton ' seams in Durham 

The area supphes cokmg coak and coke to 
the Tees side and Cleveland blast furnaces and 
supports withm itself great shipbuilding and 
engmeenng industries It exports gas coals to 
the London gas works and steam coak abroad 
The total reserves are estimated at 12 000 
milhon tons and since 1918 the annual outputs 
have usually vaned between 40 and 62 milbon 
tons, being 62 5 million tons (maximum) m 1929 
and 40 milhon tons in 1932-33 {minimum), 
except for the two strike years, 1921 and 1920 

(12) Cumberland or Whxtehaven Coalfield — 
The area of this field is 160 sq miles, and the 
character of the coak is in general similar to 
those obtained from the northern distnets of 
Durham The reserves are estimated at 1,627 
miUion tons and the annual outputs smeo 1918 
have usually vaned between about 1 4 and 2 4 
iniUion tons 

(13) Scotland — The coal fields of Scotland ex- 
tend m a relatively narrow strip from the east 
of Fife to the western sea boara at <Vrdrossan 
and Ayr, and occupy parts of the counties of 
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Fne,Ci3.cknsmizn, East, Midand West Lotliian, 
Sti fling , Lanark, Ltamijirton, 'Renffp— and Avr. 
la contrast ■vritii tte Eaglisli coal-fields, in -c rtilpTi 
ths TTotkafile seaELS occnr almost- entirely above 
tile inOstone Grit, Scotland is the fornmate 
possessor of two coal measnres, the one above 
and the other helow ths Grit ; and, parricniarlv 
in ths East, the lotver or Carbon^erons Lime- 
stone measnres are very prcdnctive. In Fife, 
in the small bnt highly mineralised Lothian area, 
and imder the vdds esmaiy of the Forth, there 
etist large resonrces of coal in these Limestone 
measures. A recent and authoritative estimate 
credits so me of ths eastern collieries vdth 
resonrces eqnivalent to tn'o or three hnndred 
ye^’ prodnctfon at the present rate of ontpnt, 
and. in one fevonred instance, a thonsand years' 
snpply is computed to be within reach.' The 
greater part of the ontpnt consists of varions 
kinds of brtnminons coals, the remainder beinn 
anthracite and canneL ilost of the brtnminons 
coal is non-coking and is sold for steam raisinn, 
gas making, and honsehold pnrposes. Yainable 
coking coals vrith a catir.c ir.dez^ above 16, 
occnr, however, in a restricted area of the Lower 
Coal ileasnres occnpying the north-east fiinge 
of the central coal-field, and extendina over 
parts of the comities of Stirling, T-ana-rb and 
Dnmfaarton. The resonrces of coking coal in 
that district are increased by tbe inclnsion of 
coals with an index between 11 and 16 and of a 
character that makes them snrtahle for blending 
with the tree cokers. Anthracite and semi- 
anthracite are mined chieSy in an expanse of 
the Lower Coal Ileasnres lying to the east of 
Stifling, and a small amomit of anthracitic coal 
is rais^ in other districts. Invariahly it is 
associated in Scotland with igneons sills that 
have been injected between the coal-hearing 
rocks — intrusions that increase the diSenItiss 
and rmcertainties of mrnmg and not infrequently 
render the seams worthless. Good splints and 
cannels are also prodneed. Xorth of the Tweed 
a ivlint is a hard coal which spirts readily along 
rhe bedding planes and with diScnlty in any 
other diiectioru It contains a considerable 
proportion of duE coal (r. p. Sole). Splints are 
peiaps the most characteristic of Scottish 
coals ; they are used for steam raising, furnaces, 
bakehouses and as house coal; their calorific 
value is high, and they are robust and therefore 
satisfactory for shipment. Scotland also vields 
more varieties oiecT.r.d arporred coal than any 
other region of these islands, if not of the 
world. Thongh of little present valne they are 
arain being songht for and tested with s view 
to utilisation for oil retorting, for which pnr- 
pcee some of them have special advantages 
in regard to the volume and quality of the oil 
they yield- Generally speaking, the bitnminons 
coals of Scotland are high in volatiles, high in 
moisture and low in sulphur. Of recent years, 
electric power stations in densely populated 
districts, snch as the London statians, have 
become constant buyers of Scottish coal in 
order to take advantage of its twin merits 
of reasonable price and low snlpbnr content. 

^ Tr^ catnnr index is the nmneer of grams cf sand 
that can he bound br one gram cf ccal into a coherent 
lamp containing not more than o"- of powder. 


Ths total reserves have been estimated as 
follows : 

Ccal-Seld. ilHIion tons 

Fifeshire and Clackmannan . 4,186 

Central (indnding Lanarkshire) 2,604 

Ayrshire 1,0S2 

ilidlothian 2,500 

Dumfriesshire 453 

Underseas 2,443 


Total 13,268 


Since 19IS the annual outputs have nsnallv 
varied between about 28 and 38 mOIion tons. 

Coal-fields of Germany (and Poland). — 
Before 1919 the principal Carboniferous coal- 
fields of Germany were those of (i) Upper 
Silssia, (2) the Enhr, and (in) the Saar, as 
follows : (i) Upper Sflisia (districts of Eatihor, 
Betrthen, Zabrze, Konigshntte, Laurahntte 
and Pless). The ileasures are 600 metres 
deep with seams 3-4 metres thick. The best 
coking coals are found near Zabrze eastwards, 
&ofti which they gradnaJly change into young 
gss coals near Konigshntte. '' and finally into 
non-coking gaming coals near. Lauriutte. 
(2) Tt.e Ruhr hnsin, stretching from the neigh- 
bourhood of Hamm in the north-east to thePJ2ne 
in the south-west. The field is much broken by 
faults, and the Older ileasures, which yield the 
best coking coals, are, as a rule, uppermost. The 
inddle 3Ieasures yield gas coals, and the Lower 
lleusnres non-coking varieties. The coals of 
the Enhr basin contain 84-9 of organic 
matter, of which C S3'l-S7-1 and H 5-27-5-6S%. 
(i2) The Saar didrict. The Upper and Middle 
Ileasures are both thin and yield non-coking 
and flaming coals, the Lower ileasnres are thick, 
and yield (especially the deepest) very good 
caking and coking coals. The ash in Saar coals 
varies between 1-5 and 4-5% as a rule, occasion- 
aHv" running up to 7-7%. The carbon varies 
between 70 and 84%, and the hydrogen between 
4-6 and 5-2^0- 

I Coal-fields of the United States, — ^The 
: chief coal-producing States arranged in descend- 
fncT- order of prodnetivity are as follows : 

, (1) Paingylrania has two distinct- coal-bearing 

areas, one bituminous and the other anthracitic. 
The bituminous regions in the west of the State 
contain aH grades of steam, gas ma kin g and 
domestic coals. Among these, in Fayette 
Coanty, is the Coimellsville in the Pittsburgh 
bed, with an ash content less than lO^o ^nd 
volatfle matter averaging 30^o, while the sul- 
phnr rarelv exceeds 1%, and nitrogen averages 
l-oO/o- coke from the Connellsville coal 

is gieatlv valued as a metallnrgical fuel. The 
anSradte is in the north-east of the State. 
In 1929 the production of anthracite was 
65 SOO.OOO tons, and of bitnminons coal 
128,200,000 tons. 

(2) West Virginia includes a large portion of 
the Central Appalachian region, which provides 
bi^-grade steam coals, some of which are suit- 
able for coking. The coal beds are a continiia- 
tion of the Pittsburgh bed in Pennsylvania m 
B-Ook and Favette Counties. Analvses show 
C 74-86, H 4-d-5-2, N 1-0-1-7. S 0'5-l-2. ash 
4-6-11-3^^ 2 nd calorific valnes=13.736-lo,190 


348 


FOEL 


B Th U. per lb In Hamson County, etiU iQ 
the Pittsburgh bed, coal is found contauung 
on an average 4% of sulphur, with volatile 
matter about 40%, and ash 9 1% In. 1929 the 
production was 123,600,000 tons 

(3) IlUnois includes the greater part of the 
eastern interior coal region, which extends £rom 
Bock Island and Wilmington (HI ) in the north 
to central Kentucky m the south and from the 
ilississippi river m the west to Wilhamsport 
(Ind ) and Cannelton m the east The co^ is 
rather low grade and weakly coking, containing 
C 64-76, H 4 6-6 3, N 0 8-12, S 13-^6, 
O 12 0-16 6, ash 12 0-24 0%, calonfio value 
^9,929-11, 907 BThU pet In The proximity 
of the field to Chicago and St Louis enhances its 
economic importance In 1929 the production 
was 64,200,000 tons 

(4) Kentucky — ^The eastern part mclodes part 
of the Central Appalachian Goal Begion (e (2) 
West Firginta) and part of the eastern interior 
field in the west Both the eastern and western 
regions yield good steam and coking coals, the 
eastern region being, in this respect, superior 
to the western the coke of the western region 
has too high a sulphur content to be of much 
use as a metallurgical fuel In 1929 the pro 
duction of Eastern Kentucky was 41,100,000 
tons, and of Western Kentucky 12,900,000, or a 
total of 64,000,000 tons 

(6) Oh\o —The coal fields are m the eastern 
part of theState, occupying the territory between 
the shore of Lake Erie m Geanga and Lake 
Counties south west to Scioto and Lawrence 
Counties on the Ohio river Approximately 
one thud of the State contams coal bearing 
rocks These fields occupy the western rim of 
the great Appalachian trough This trough 
extends 850 miles south west from Northern 
Pennsylvania to Central Alabama and has » 
maximum width of 180 miles The Ohio fields 
contain 11 coal beds The coals are of a good 
steam class with high sulphur content In 1929 
the production was 21,180,000 tons 

(6) Indiana includes the eastern section of the 
eastern interior cos'! he^d (v (if) Illinois) Tnree 
kmds of coal are found “ block," cannel, and 
bituminous During the period 1914-18 the 
production reached a maximum of 26,800,000 
tons, but since then it has dechned until m 1029 
it became 16,380,000 tons The coal is good for 
power production in large central power plant 
for railway, gas making and domestic usee 

(7) Alahamb includes the Appalachian coal 
region of which the Warrior field is the greatly 
expanded soutbem end, and the mam pro 
dnctive part includes the four counties Jefferson, 
Walker, Tuscaloosa and Fayette Its known 
area is computed at 4,000 sq miles, while the 
probable area is believed to be greater than this 
The Cahaba is a narrow field extendmg north 
east to south west, and is separated from the 
Wamor field by the Birmingham Valley Ha 
area is about 350 sq miles The Coosa field is 
south east of the Cahaba field, separated from it 
by the Cahaba Valley The Plateau field is less 
well defined, being in part the north westward 
continuation of the l\arnor field The entire 
area is estimated at 3,000 sq mile# Over 99% 
of the coal mined u from the Cahaba and W amor 


fields and serves for steam raising, coking, rafi 
waj^ and domestic heating Over 85% of it u 
consumed withm the State About 35% of the 
annual output is coked in by product ovens, the 
bulk of the coke being consumed m the blast 
furnaces of the Birmingham district In 1929 
the total production was 16,200,000 tons 

(8) Virginia — The Virginian coal regions are 
mudi scattered They are the south west 
Virginian fields, the Valley fields, and the 
Richmond basin They mclude part of the 
Great Appalachian bituminous to semi 
anthracite field The beds are tilted and the 
workable area is small The coal has long been 
nuned A considerable tonnage is shipped by 
water to New York and to New England ports 
The higher grades from the south west fields 
are much esteemed as steam coal In 1929 the 
production was 11,390,000 tons 

(9) Colorado — ^This is the most important 
coal produemg State west of the hlissxssippi, 
the coal is a black Lgiute, which rapidly ms 
integrates on exposure to air, so that it will not 
stand transport satisfactorily. In 1929 the 
production was 8,860,000 tons 

(10) The Kansa$ and Mxssourt coal fields are 
in the eastern part of the State, while the most 
important deposits he on the Kansas-SIiesonn 
boundary The major part of the Kansas pro 
duction IB used for steam raismg It is a good 
locomotive fuel and the railways are its largest 
emgle consumers ‘ Dead coal " mmed along 
the outcrop is much in demand for zme smelting 
because of its non coking properties There 
IS heavy competition from natural gas, and also 
from coal from OlJahotiia and Arkansas In 
1929 the total output was 6,260,000 tons 

(11) Wyoming contains more coal than anv 
other State The coals jange from low rank 
eub bituminous to high rank bitummous The 
coal formations m Wyoming are Cretaceous and 
Tertiary in age, and are usually broad synclinal 
basins lying between mountain ranges Esti 
mates by the U S Geological Survey show the 
amount of coal available as 699 milhon tons, an 
inexhaastiole supply ol low and medium raiii 
coal Wyommg has been a pioneer m the 
development of meebamsed mining and has led 
all other States since 1928 The bulk of the coal 
IS consumed by the railways, with domestic 
consumption next in importance In 1929 the 
production was 6,935,000 tons 

(12) The Tennessee coal fields are in two district 
areas, the north eastern field and the mam 
Cnm^rland Plateau field In the former there 
are sharp crested ridges reaching elevations of 
3,600 ft above sea level Contrasted with this, 
the Cumberland Plateau field la a broad upland 
neiog to 2,000 ft above sea level The coal of 
the Tracy City distnct yields good coke, while 
the Bon Air districts give excellent domestic 
and steaming grades Xhe greater part of the 
coal mmed comes from the north eastern field 
In 1929 the production was 4 830,000 tons 

(13) The Arkansas and Oklahoma coal district 
u known as the Spadra It contains the Harts 
home seam which is of Carboniferous age 

(14) Utah — Carbon County is the source of 
more than 00% of the coal mined in Utah The 
coal IS high grade bituminous and is excellent 



FUEL. 


349 


as a domestic and steam -raising fuel ; most of it 
can be ignited -with paper rritbont wood kindling. 
The coal from Castlegate is a good coking variety. 
In 1929 the production was 4,610,000 tons. 

(15) Iowa. — The coal-bearing beds belong to 
the Pennsylvania series of the Carboniferous 
System. The Des iloines river flows south-east 
and cuts through the coal series. Iowa coal is 
low-grade and non-coking bituminous, carrying 
considerable sulphur in the form of pyrites 
(FeSj) and gypsum. Iowa coal is used for 
locomotives, domestic puiy>oses and power 
production. There is a good deal of competition 
from I l lin ois. In 1929 the production was 

3.790.000 tons. 

(16) Montana fields are distributed through 
the pla in s in the eastern and northern areas of 
the State, and the mountain regions in the 
central, southern and south-western parts of 
the State. Most of the Montana coal is used 
as railway fuel ; some is consumed for domestic 
purposes and for smelting. The production in 
1929 was 3,040,000 tons. 

(17) Maryland. — The coal-fields lie in the 
western part of the State (Allegany and Garrett 
Counties) and are an eastern outlier of the main 
Appalachian coal-field. The major part of Mary- 
land production is used for steam-raisins:, and 
lesser quantities are consumed for domestic 
heating, smithing and the manufacture of by- | 
product coke. There is much competition from 
Pennsylvania and West Yiriginia. In 1929 the 
production was 2,368,000 tons. 

(18) Washington. — The coal districts are 
generally west of the Cascade Mountains. The 
mines are on the foothiUs of the slope and reach 
out to Puget Sound in the central and northern 
sections. The amount of alteration a coal has 
undergone seems to be roughly proportional to 
its distance from the Cascade Mountains. The 
sub-bituminous coals of Bucoda, Tono, ^lendota, 
and Castle Rock, occur in a region of low relief, 
in which the Eocene coal has been but slightly 
disturbed. The railways absorb the largest out- 
put of coal, and next the domestic consumers, 
public utilities and cement mills. In 1929 the 
production was 2.252,000 tons. 

(19) A'eir Mexico coal is of Cretaceous age, and 
situated in Colfax, McKinley, Rio Arriba, 
SandobaL San Juan, San Miguel, Santa Fe, and 
Socorro Counties. In 1929 the production was 

2.340.000 tons. 

(20) Texas coal is bituminous and lignitic, and 
is situated as follows : The bituminous coal is 
mined in Alcdina and Robertson Counties, while 
the lignite is taken from Houston, Milam and 
Wood Counties. The hgnites will not stand 
handling and arc briquetted. In 1929 the pro- 
duction was 983,000 tons. 

In comparing American with European coal- 
mining conditions and outputs, it should always 
bo borne in mind that generally speaking Ameri- 
can Carboniferous coal seams are much thicker 
and nearer the surface than the corresponding 
seams in Great Britain and Western Europe. 

Tm: Cnrinc.cL CoirrosmoK a>-d Coysi i r m oy 
or Coal. 

From what i= known of their oriuin and mode ; 
of formation it may l>e anticipated that rdl coals. 


whatever their geological age, will contain 
(1) various combustible organic compounds, 
complex in structure and of high molecular 
weight, representing the degradation or trans- 
formation products of the vegetable debris from 
which they were derived ; and (2) variable 
amounts of mineral matter, which give rise to the 
a sh remaining when the coal is burnt, and 
whicli represent partly the small amoimt of 
mineral matter in the original vegetation or the 
soil in which it grew, and partly also other 
associated mineral matters either deposited 
contemporaneously with the coal-field or subse- 
quently introduced by infiltration. 

The various organic bodies which together 
form what is sometimes termed the “ coal-sub- 
stance ” aU consist chiefly of the elements carbon, 
hydrogen, oxygen, nitrogen and sulphur, the 
relative proportions of which may be determined 
with considerable accuracy by the usual methods 
employed for the analysis of organic compounds. 
But the ascertainment of the nature of the 
various complexes which make up the coal-sub- 
stance, and stiU more so of the relative pro- 
portions in which they are present in any 
particular coal, is a problem beset with diffi- 
culties. 

Coal, when freshly mined, often contains 
much water (“ pit water ”) and some occluded 
gas. Most of the water is lost on air-drying, 
the moisture-content of the air-dried coal de- 
pending on the nature of the coal itself and also 
on the hygrometric state of the atmosphere. 
The remainder of the water is completely lost 
when the finely divided coal is maintained for a 
short time at 105'C. The occluded gas may 
be withdrawn by continuous exhaustion of the 
finely divided coal either at the ordinary tem- 
perature or at lOO'C. From a Durham coal, 
P. Bedson obtained 1-6 c.c. of gas per g., having 
a composition: CO, 4-35, C,Hg 6-65, CHg 
71-15, O. 2-SO, No 15-05%. From a Lancashire 
coal (Lower Mountain Mine), R. V. Wheeler 
obtained 1-375 c.c. of gas per g., containing 
NHj 0-5, H,S 0-5, C.H, 0-4, CO 2-1, C,Hg 
8-10, CH4 80-35, O, 0*4 and N, 7-65%. More 
recently, F. Fischer, K. Peters and -A. Warnecke 
(Brennstoff-Chem. 1932, 13, 209) have drawn 
attention to the fact that the m'trogen contained 
in the gas from blowers and fire-damp may con- 
tain twice as much helium as is contained iti 
atmospheric nitrogen- They suggest that such 
helium has a “ fossil ” origin and that the 
helium content of the gases may provide a means 
of determining the absolute age of coal. 

The mineral matter in coal varies greatly in 
amount, composition and fusibility. It occurs 
in two distinct forms, one finely dirtded and 
more or less uniformly distributed throimh the 
coal substance (“ inherent ” or “ intnnsic " 
mineral matter), the other segregated in bands 
or lumps (“ extrinsic " mineral matter) and 
usuallv consists of sh.ale ('p.gr. 2-5), together 
■with some pj-rites (sp.gr. 5-0). gypsum (sp.vr. 
2-3), calcite ('p-gr. 2-7) and sidenfe (sp.cr. 3-S). 

If unduly great in amoxint. c.vily fusib!'-. or 
highlv psTitic. the mineral matter may afTcrl 
detrimentally th-r commercial value of the coal. 
The intrinsic mineral matter oririnated in the 
inorgatuc s.alts tssential to plant life -wbirb 
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Table IX — Initial Decomposition o» 
Beown Coals and Lignites 


Coal 

Oil 

point 

”C 

tv eights 
evolved per 
100 g of 
dry dewaxed 
coal 

1 substance 

Per 
cent 
age 
COj 
In gas 

Mol 

ratio 

ex 



Gas 1 

Steam 

ved 

mma 

Morwell brown ' 
coal 

German brown 

Rhenish 

Saxon 

Saskatchewan 
brown lignites 

375 

/200 

1300 

/28S 

1275 

320- 

3(10 

07 ' 

40 

6 1 : 

40 

30 

4 5 

6 S 

60 

40 

S6 

38 

46 

000 ' 

03 2 
014 
000 
020 

70-76 

2 2^ 

2« 

17 

20 

26 


Table X — Gases Evolved itkou Morwell 
Coal in o o at NTP per 100 o Dry 
Coal Substance • 


Temp 

range 

H,S 

CO, 

CO 

CflHn 

m 

i5 

’ H, 

Up to 376 
376-500 
600 700 
700-850 

60 

140 

101 

60 

3 200 

4 685 
610 

2316 

103 

1 422 
2216 . 

2 680 i 

42 

70 

376 

1674 
2 606 
,1010 

2110 

6050 

Totab 

302 

10 010 

0 370 

488 

6 360 

8160 


To 

376*C 

375- 1 
600*C 1 

600- 

700*C 

700- 

8jO*C 

Grams oxygen 
evolved a< 
CO,+CO 

4 83 

4 87 

7 62 

1 08 

2 36 

1 23 

610 

134 


It should bo noted that of tbo four pnncipal 
gaseous products (CO}, CO, CH^ and H,) m 
each temperature range (i) tbo carbon dioxide 
(ttccanipanieul byemae CO unrf oraeA fi»Oi wos 
the chief gaseous product below anu much 
beyond the oil point (375‘’C ), and that from 
three quarters to six sevenths respectively, if 
It had been evolved below 500'’ , (ii) next 
appeared methane which was most freely 
evolved between 400” and 700^C , and (lu) com 
parativcly speaking, hydrogen was a late comer, 
being most freely evolved, together with carbon 
monoxide above 700”C The thermal decom 
position had practically been completed by the 
end of the experiment, during which almost all 
the oxygen in the coal had been expelled as 
steam and oxides of carbon 
With increasing maturity of the coal sub 
stance, not only do the three successive eOects 
of heat already referred to overlap more and 
more, but, because of the first stage (i) above 
becoming Jess important both relatively and 
progressively, with diminishing oxygen content 
they become almost Indistinguishable with well 
matured bituminous coals 
Burgess and IV heeler { J C S 191(^13) working 
chiefly with a South korkshiro (AltofU) Silk 
atone coal, cstabbshed 350”C as the Initial tern 


perature of thermal decomposition of the mam 
coo! substance, a point which was marked by 
an abrupt and rapid increase in the evolution of 
gases Up to such temperature only small 
quantities of occluded gases wore evolved, 
although water began to bo ehminatcd at 200'’C , 
sulphuretted hydrogen at 270”, and oils at 310” 
The last named wore considered as having been 
merely liquated out of the coal conglomerate 
They also proceeded to study m detail (i) the 
rate of gas evolution, (ii) the total volume ofgas 
and its composition, (iii) the amount of tar 
yielded by the coal at various temperatures 
between 460” and 1,100”C It was found that 
(i) the evolution of methane and other paraffin 
hydrocarbons, which had been vigorous above 
360”, almost ceased at 700” , (ii) that there was a 
well defined “ cntical temperature ” at about 
700*0 marked by an abrupt and rapid increase 
m the evolution of hydrogen , and that (in) the 
evolution of carbon monoxide more or less 
followed that of hydrogen throughout Similar 
results were obtained with a South Wales (Aber 
tiUcry) coal Similar results have been recorded 
by other investigators both in Trance and the 
United States 

In a Jator paper R V Wheeler (CJiem and 
Ind 1931, 60, 346) took the following view of 
the course of distillation of a typical bituminous 
coal, the * decomposition point ” of which he 
found to increase with its carbon content from 
290” up to 366* 

” The course of the distillation of a typical coal 
18 os follows Over a range of tompotature 
beginning at about 220”C , and completed at 
almut 300”C , there is a simple distillation of the 
hydrocarbon oils already present In the coal 
These ods correspond closely m nature and 
quantity with those obtainetf by extraction of 
the coal At a temperature of, say, 300* (which 
vanes from coal to coal) there is a well defined 
decomposition point of tho coal substance, 
marked by tho formation of mucJi gas water 
and oils This decomposition completes itself 
over B norrow range of temperature As the 
tomperafure w fiirfAer nmnsif ftj w 

rosms present in tho coal distil in tho water and 
od vapour which is being Bimultaneously 
evolved, giving ether eolublo material very little 
changed from that present in and extractable 
from tho coal The resistant plant skins present 
m the coal are decomposed over tho range 30^ 
320”, giving nso to a comparatively large yield 
of tar, mainly ofunsaturated hydrocarbon ty^. 
similar to that which can be obtained by dis 
tillatioa of modem plant skins Tho yield of 
this portion of tho tar naturally depends on the 
proportion of such skins, mainly spore exincs 
in tho coal, and Is small with a bright clarain 
and large with a durain " 

*' The most interesting feature disclosed by 
distillation is the well defined and narrow range 
of true chemical decomposition, as distinguished 
from mere distillation of volatiJo matter already 
present Tho decomposition point coincides 
with a marked change in tho nature of tho coal 
residuo, which is evidenced, for example, in a 
marked enhancement of its oxidisability and 
reactivity In general, and In an increased response 
to the solvent or dispersing action of pyridine 
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(litions the j5 fraction may assist It is, however, 
generally agreed that the a fraction, » e the in 
soluble residue of a pjndine extracted coal, la 
quite devoid of cohing propensities Researches 
by Bone and co workers have shown that m 
order to obtam rehable results, it is ahsolntdy 
essential that the pyridine he pure and an 
hydrous and that, during the extraction prpcess, 
free oxjgen be totally excluded from the ex 
traction apparatus Various general obser 
rations have also shown that, besides any 
ordinary solvent action ^hich pyndine may 
have upon the resinic constituents, which is 
probably fairly rapid, it also at the same time 
slowly attacks and resolves mto simpler mcde 
cular, aggregates the complex structure of the 
coal as a whole Vignon (Compt rend 1914, 
158, 1421) studied the solvent action of aniline 
{bp 180®C ) and quinoline (b p 238*C ) on coal, 
and reported that of quinoline to be nearly three 
times as great as that of pyridine and twice 
that of amhne at their respective boiling pomts, 
which Bgam suggests some “ unbuilding " of 
the coal substance So far the only solvent 
extraction process of much chemical value is 
the benzene-pressure extraction originally intro 
duced by F Fischer and W Gluud. but im 
proved later by W A Bone and collaborators 
Fischer and Gluud extracted coals with benzene 
at temperatures and pressures (275* and 50 
atms } approximatmg to the critical values of 
the solvent , but, not using the Soxblet principle, 
their process was never complete and subse 
quently they divided their extracts into two 
fractions only, namely, “ (ElbUumen” soluble in 
light petroleum, and Festbilumen " insoluble 
therein Bone and his collaborators mtrodoced 
the Soxhlet pnnciple at 600 and 700 Ib per sq in 
(which enables the extraction to be earned to 
completion), and subsequently resolved the 
crude extract into four fractions, as foUows 

Concentrated Benzene Solution of Crude Extract 
Poured Inl^ Light Petroleum (b p 40’ 60) 


Soluble Insoluble 

I \ 

Benzene free Etb;I Alcohol 

Light Petroleum I 


Soluble Insoluble Soluble Insoluble 
Fraction I Fraction II Fraction III Fraction IV 

They gave greater precision to the method, and 
extended its application to the elncidation of 
such questions as the nature, origin and develop 
ment of the constituents of bituminous coats 
responsible for their coking propensities The 
four fractions resulting from bituminous coal 
are characterised as follows 
I A yeUotc broten tiseour and usuaUi/ non 
nitrogenous neutral oil of vaseline hke con 
eistcnc}, with C/H ratio usually <10 and low 
O content , soluble in light petroleum and 
apparently aliphatic in constitution It may bo 
divided into (a) and (6) according as itns volatile 
or not m steam 

II. A reddish brown amorphous solul, soften 
tng point usually below GO® with C/H ratio 
S 


circa 13, soluble in a mixture of 1 part benzene 
and 4 parts light petroleum (Fractions I and 
Hare both combined in Fischer s “(Eliifu wen ”) 

III A usually non mtrogenovs, reddish brown 
solid uilh resinous lustre softening usually below 
150“, with C/H ratio circa 12 5, insoluble m light 
petroleum (with or without benzene), hut soluble 
m ethyl alcohol 

IV A neiilraZ amorphous cinnamon broun 
nitrogenous poteder insoluble in hgbt petroleum 
or ethyl alcohol, softening usually between 150® 
and 250° with C/H ratio >-15 and undoubtedly 
of a benzenoid character (Fractions III and 
IV are tombmed in Fischer’s “ Feslbiiumen ”) 

The important feature of these fractions is 
that while I never (and II but seldom) has 
any “binding” properties, both iIII and 
IV always have, and that it is the tuo last 
(but especially IV) which chiefly determine 
the coking propensities of bituminous coals 
The residue after the benzene-pressure ex 
traction, which usually constitutes over 85% 
of the total coal substance, is alwajs entirely 
devoid of coking propensities 

Serai bituminous and anthracitic coals yield 
little or no benzene-pressure extract Sub 
bituminous coals, lignites and brown coals, 
while always yielding Fractions I and H in 
proportions usually comparable with (and some 
times even greater than) those of bituminous 
coals, are either deficient m Fraction III and IV 
or do not yield them at all, in the latter case (eg 
brown coab) they yield instead of III, phenohe 
esters (III')> nnd instead of IV, phenoho and/or 
complex acidic bodies (IV') Indeed there is 
already strong presumptive evidence that the 
constituents of bituminous coals chiefly respon 
sible for their coking propensities originated in 
i the phenolic bodies found in the less mature 
brown coab Table XIII summaries the yields 


Table XHI — Yields of Benzeee- 
Pbessube Extract 



j Yield of fraction 

Total 

C(H 

ratio 


I 

11 

III 

IV 

}ield 

In dry 
residue 

Drown Coal 
Uorwel) Brown 

35 

1 5 

10* 

QQt 

15 0 

19 2 

Saskatchewan ' 
Brown LIg I 
nlt« 

1 65 

03 

0 3* 

2 25' 

45 

19 6 

LitntUe Coals 
Alberta Black 

1 3 

I 3 

1 2 

05 

43 

20 3 

N Zealand sub 
bituminous 
(non coking) 

SB 

l 7 

2 4 

1 2 

82 

_ 

Bilumiaout Coals 
8ha(lon(weak 

Iv coking) 

35 


23 

27 

100 

16 6 

Barnsley (coL 

oo 

0 6 

04 

5 1 

s’s 


ibutsr 

Durham 

(atrongI> 

coking) 

33 

30 

0 0.. 

0 2o 

IS 6 

19 5 









' >ot true Fraction III or IV but the phenolic 
ilioilies from which they ha\e been derelopeJ in 
' tnore mature coals 
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of b-nzene-pressTire extracts from the different 
classes of coals referred to. 

It does not necessarily foIIoTr from the ex- 
perimental evident-e that the phenolic bodies 
extractc-d firom such hromt coals vrere present 
in the free state therein; on the contrary, they 
seem more likely to have been present in some 
loose molecnlar association trith the main coal 
snbstanc-e. thoagh as yet this is tmproven. 
There is. hotrever, mnch presumptive evidence 
for the vietv that the agglutinating Fractions III 
and R' yielded by snb-bitnminons and bitn- 
minons cioals have originated in the phenolic- 
bodies found in Fraction III' and IT' of brotvn 
coals. And if. as notv seems pnobable, such 
agslntinants so arise, during the matnring of 
coals, it was to be expected that some " inter- 
mediate " tvpes of coals would be found in which 
Fractions III, IV. Ill' and IV' co-exist. 

A.n example of such an "intermediate'’ type of 
coal has recently }>een ftimished by the black non- 
la minated (apparently well-matured) lignite from 
Aam JIa, Shan States. Burma (Xo. 10, Table R'), 
which gave on extraction 11-10% of total extract 
resolvable as in Table XTV, as follows : 

T=vp.t.x XR'. — ^Results or BryzEtTE-PEESsrEZ 
ExiBAcnoy or Xa3i 3Ia (Bceieese) Black 
L ioyrrE. 


Referred to the Dry Ashless Coal 
Subrtajsce. 


Fraction.^ 

1 

v. 

C. 

H. 

N. \ 


0 . 

I (o> . ! 

0-1 


yo analysis made. 


I (&) . • 

1-6 

i52‘5 

9-S 

trace 

0'45 

7*25 

n 

1-4 

76-25 

S-6 

0-25 

0-30 

14-60 

m . * 

0-15 

i t ‘2 

S-75 

0-95 

0-7 

12-3 

rv . ! 


77*5 

S*3 

0-5 

0*75 

12-95 

m' . ! 

3-45 


esters 

apparently 

1 







IT'. . j 

4-0 

Alrifii- 


bodies 

of phenolic 


cature. 


i 


Fractions I and II resembled both qualita- 
rivelv and anantitatively those from other im- 
mature coals previously exa mi ned. The pre- 
sence. however, of bodies akin to Fractions III 
and TV in the neutral extract from a coal which 
also nave phenols and phenohc esters (Fractions 
IV' and ITT ') indicated an intermediate type of 
extract. The c-ompositions of Fractions HI 
and IV differed from what would have been 
expected from a c-oal of the degree of maturity 
disclosed bv the extraction results. The carbon 
and (more particularly) hydrogen contents were 
hisher. and the oxygen was lower, than would 
have been predicted: also the composirions of 
the two ffactions approximated mnch more 
closelv than usual. -ludged in the light of 
previous results, the prototypes of Fractions HI 
and TV derived from the least mature coals in 
which these fractions occurred might be ex- 
pected to have compositions approximating to : 


1 

? 

C. H. 

i 

p. 

- 

per cent. 


Fraction III. | 

, 713-74 , 5-6 

above 19 

Fraction RT . 1 

i below 77 ’ 5-C 

above 16 


; In addition, the Fraction HI, bavins been pre- 
pared from a neutral extract which had been 
previously treated with alkali, was neutral and 
therefore chemically diS'erent from the corre- 
sponding fraction of an extract of a bituminous 
coal or matured lignite type. 

Although this is the first clear example of such 
an intermediate ” type of coal 'among those 
‘ so fer investigated in the Imperial College 
Laboratories, similar instances have been 
' indicated elsewhere. So that altogether the 
view that- the agglntinating fractions of bitu- 
minous coals originated in the phenolic bodies 
extractable firom brown coals mav now be 
regarded as well established. 

(b) (in) Chemical Degradation of the Coal 
Substance . — ^It has long been knovm that carbon 
dioxide, oxalic and acetic acids are among the 
products of even comparatively mild oxidation 
of coal; thus as long ago as 1829, Gav-Lussac 
obtained oxah'c acid by oxidation of coal with 
I nitric acid. It was not. however, until about 
1920 that any marked advance was made, when 
Fischer and his associates oxidised coal sus- 
pended in an alkaline medium by air under 
pressure, obtaining small yields of a number of 
acids which indicated that the benzene nucleus 
formed an important unit in the chemical struc- 
I ture of coals. Later, Francis and Wheeler 
I {J.C.S. 1925, 127, 2236), firom the oxidation of 
j " soluble coal nimins " with hydrogen peroxide 
and dilute nitric acid, obtained oxalic, succmio 
and small amounts of picric, pyromellitio and 
(possibly) trimellitic acids. Bone, Horton and 
Ward (Proc. Eoy. Soc. 1930, 127, A, 480) and 
Bone. Parsons, Sapiro and Groocock {ibid. 1935, 
j 148, A, 492), continuing the work of Bone ^d 
Quarendon. studied the alkahne permanganate 
oxidation of the residnes left after the benzene- 
pressure extractions of coals, achieving for the 
I first time, complete oxidation of the coal sub- 
I stance to identifiable products. They also ei- 
i tended the work to determinations of the quanti- 
i tative distribution of the carbon in the coal 
; substance among the oridation products. The 
products of the alkaline permanganate oxidation 
included, invariably, carbon dioxide, acetic and 
oxalic acids, occasionally succinic acid and, at 
one time or another, all the possible benzene 
i carboxylic acids with the exception of benzoic 
acid. In general, throughout the peat coal — ^ 
anthracite series, the more matured the coal 
1 substance, the less readily it is oxidised. The 
I results of the researches may be summed up as 
'• follows : 

(1) The experiments have proved conclusively, 

I not only the essentially henzenoid character of 
I the main coal substance, but its progressive 
^ development throughout the h'gnin peat 
' - 5 - coal -> anthracite series, as the summarised 
results in Table XV show. 

(2) In general, the ratio between the henzenoid 
and oxalic acids produced increased with the 
maturity of the coals. 

(3) Some small proportion of succinic acid 
resulted from the oxidations of peats and brown 
coals, but not- from h'gnins, bituminous coab 
and anthracites. It may have arisen from the 
oxidation of resins associated with the peat or 
brown coal. 
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Table XV — Cabbon Batancks 
->■ Antitbaoite Series 


Percentage 
of the 
carbon 
oxidised to 

Lignin 

Peats 

Brown 

coals 

and 

lignites 

Bltu 

mlnons 

coals 

Asthra 

Cite 

(1) CO, 

67-GO 

49-Cl 

4a-5? 

36-42 

42 

(2) Acetic 

2a 60 


3 0-7 6 

la-45 

2 

(3) Oxalic 

21-21 


9-23 

13-14 

- 

(4) Benzene 
carboxylic 
acids 

12-18 

10-25 

22 34 

30-46 

50 

Approx 
ratios of 
(4) to (3) 

0 5-0 75 

0 84-0 9 

15-2 0 

30 

70 


(4) While at one time or another every 
benzene carboxylic acid, except benzoic acid 
itself, has been isolated from the oxidation pro 
ducts, in every case so far exa,imned the pcnta 
or liexa carboxylic acid has preponderated over 
the others Only, honever, mth anthracite lUd 
the proportion of hexa appear to exceed that 
of the pcnta carboxylic acid in the products 

(C) AVhile no phthahe acids were detected 
among the benzenoid acids produced from 
lignins, and comparatively smalt proportions 
among those produced from peats and brown 
coals, fair proportions thereof were found among 
those produced from bituminous coals and 
anthracites 

(6) The large proportion of both tho benzene 
penta* and hexa carboxybe acids among the 
oxidation products of coals indicates tbe pre 
ponderance m the coal substance of such benzen 
Old carbon complexes as 



I 




while tho other acids might arise from simpler 
ring structures with or without side chains 

(7) While this suggests the possibility of the 
coal substance Imviiig arisen through con 
ilcnsations of phenolic and omido bodies with 
aWehydic bodies — miieh as synthetic resins are 
now produced — and there is evidence of at least 
tho agghitmivting constituents of httuuuieti* 
coals having arisen in some such way-^nh 
further experiment can decide these questions 

(8) Tbe results as a whole strongly support the 
view of tho essential continuity of tho bgnin 
-►peat -►coal -> anthracite series, and of 
bgnins rather than celluloses being its chief 
progenitors fii this connection, however, E 
Bcrl (private conimumcatioa) has stated tint 
on oxidising a ‘ cellulose coal ’ by means of 
olkabne permanganate, according to the Im 
penal CoUegc procedure (Bone el al , I'roc Roj 
Soc 1930, 127, A. 480. 1935. 148, A. 492) he 
has succeeded in obtaining carbonic anhydride, 
oxalic, benzoic, phthnlie, mellophamc, pcnta 
and hexa benzene carboxylic ncuU, as well as 
fatty (probablj butjnc) acids, and ho regards 
such products as proving how easily enrbo 
hydrates may be transformed into aromatic 
substances, and therefore as still justifying his 
view of tho ecUnlosiC origin of bituminous coals 
Seeing, boweier, that tJio eoaditiona under 
which his artificial “ cellulose coal' was pro 
duced — namely, by licating cellulose with 
alkahnc solutions to 225-350° under pressure — 
differed considerably from those under uhicli 
coals were naturally developed, it by no means 
follows that his experiments haie any decisive 
significance in regaid to the origin of bituminous 
coals 

As stated above, the bcnzcnoid character of 
tlie mam coal substance, whate\er its ongm, 
IS now completely proved, although no con 
stitutional formula for the ‘ coal umt ” has 
been deduced as it has for the “ cellulose ” or 
"lignm* units 
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That the coal snhstanc-e contains unsaturated 
linkages is indicated by its behavionr on treat- 
ment vrith halogens. Experiments made at 
various times at the Imperial College (un- 
published researches) have shown that when 
bromine acts upon a coal at room temperature 
or lOO'C., both “ addition " and “ substitution,’’ 
as weU as some “ adsorption.’’ occur and that 
stable hrominated products, outwardly re- 
sembling the original coal, result ^vithout any 
breakdown of its essential molecular structure. 
A. ilcC'uIloch and his collaborators (J.S.C.I. 
1929, 58. 167T: 1930, 59, 377T,- 1932, 61. 49T, 
186T ; 1933, 62, 47T) have found that coals may 
be vigorously chlorinated at air temperature, 
the first effect being ‘‘ addition " at unsaturated 
linkages followed by “ substitution." though 
"not within the fundamental benzenoid nuclei. 
The coking propensities are simultaneously 
destroyed. The chlorine is said to be eli min ated 
practically quantitatively when the chlorinated 
product is heated to about oOO'C. 

For a more complete account of the constitu- 
tion of coal, see Bone and Himus, ‘‘ Coal : Its 
Constitution and Uses ’’ (1936). 

The YALTJATio^r a>t) Selection or Coal. 

While the value of coal depends primarily 
upon its calorific value, other factors must Ixt 
considered in determining its suitability for any 
given purpose, such as, for example, (i) moisture 
content, (ii) ‘quantity, distribution and fusibility 
of the ash; (iii) the percentage of volatiles: 
(iv) the character of the carbonised residue: 
and (v) its ultimate composition — C, H. S and 
N — ^the N being important if the coal is to be 
carbonised or gasified in producers under 
ammonia - recoveiy conditions. Coal is not 
usually purchased in Great Britain on a basis 
either of calorific value or chemical analysis, but 
the practice is common in the United States and 
in certain European coimtries, the contract 
naming a definite price for coal of specified 
qualitv. subject to a sliding scale of bonus and 
of penalty for deviations from that quality. The 
following brief discus.rion is based on the appro- 
priate specifications and reports of the British 
Standards Institute and “ Fuel Testing.’’ by 
G. W. Himus (L. HUl. London. 1932). In order 
that the results of the assay of a sample of coal 
mav be of any value, it is neccssan.’ that the 
sample be representative of the whole bulk of 
the coal and shall contain the same pro- 
portions of large, medium and small, and in 
addition, the same proportions of clean coal and 
'■ dirt." GrumeU and Dunningham (Report on 
the Sampling of Small Fuel up to 3 in. British 
Standards Institution Iso. 403. 1930) showed 
that sampling should be carried out b_v mean« of 
a number of equal increments uniformly dis- 
tributed over the bulk of the coal, and further- 
more that (o) the number of increments .and/or 
the w eicht of sample, or the numlx-r of individual 
wacons to be sampled is independent of the 
weicht of the consignment provided that the 
inciuments are uniformly dk-tributed ; and 
(b) the number of increments and, or the total 
weight of the sample, or the num!*^r of individual 
wacTons to be s.impled. inu-t b-‘ v.iriefl according 
to the average error of the fuel (which i* a func- 


tion of the ash-content of the coal). Based on 
this and later work, methods of sampling coal 
and coke have been standardised by the British 
Standards Institution in a number of specifi- 
cations (Eos. 404, 420, 496, 502). The tests 
most frec|nently applied to coal are those in- 
cluded under the title of*’ proximate analysis ’’ 
(involving determination of moistiue, volatile 
matter and ash), and determination of sulphur 
and calorific value. In certain special cases, 
other tests such as complete ultimate analysb. 
agglutinating value, tendency to swell when car- 
bonised, the determination of phosphorus, or 
arsenic, or the fusion temperature and composi- 
tion of the ash are sometimes reqm’red. For 
details as to the method of application of these 
tests, readers are referred to the relevant British 
Standard Specifications (v. supra, and also 
Xos. 453, 568, 686, 687 and 705) and to “ Fuel 
Testing ’’ {op. cit.). 

With regard to the selection of coal for in- 
dustrial purposes, while it is possible to indicate 
certain general rules which enable the observer 
to say that a particular coal will probably be 
suitable for a particular plant or purpose, plant 
and operating conditions arc susceptible of such 
wide variation that the rules must be regarded 
only as broad generah’sation®. It can be stated 
quite definitely that unle=s it is required to 
produce a carbom’sed residue (semi-coke or coke), 
the use of strongly caking coal is to be avoided ; 
furthermore, a high fusion temperature is desir- 
able in the ash of coal which is to be burned in 
a furnace or gasified in a gas-producer. High 
moisture and high mineral content are always 
objectionable since both act as diluents, reduce 
the calorific value of the fuel and entail transport 
and handling charges. Generally sjjeaking, uni- 
formity of size is desirable, and it is alway.-; 
advantageous that successive deliveries of coal 
should be as far as possible of the same quality, 
since imder modem industrial conditions imi- 
formity of raw materials enables operating con- 
ditions to be standardised, a factor of great im- 
portance in maintaining high and steady effi- 
cienev coupled with low costs. Coal for the 
manufacture of gas generally jfields from 30 to 
35^0 of volatile matter (at OOO'C. on the dry 
ashless coal) and a rather ’porous coke; the 
moisture and ash should be a= low as po:^sibIe. 
Tlie best coking coab generally meld between 
20 and 30% of volatiles and a strong, compact 
residue ; the best steam coals yield from 8 to 
20% of volatiles and should be non- or weakly- 
caking, the moisture and ash should be low, and 
the latter should be infusible to avoid formation 
of clinker; for gas-producer purposes, it is 
desirable Uiat a coal should be non- or -weakly- 
c.akinc and have a low percentage of non-fusibb' 
ash, hiuh volatiles are rather an advantage than 
othenvisc: coals intendrd for low temjxraturc 
carlwnis.ation (at from ."um to 650'C.) sliojfid be 
low in riioi'ture and ash and should give a non- 
swollcn coke which is of sufficient strength to 
stand handh’nc and transport. 

< STOK.VGE .CND SPONTANEOr.s IGNITION OF COAL 
I It i' well known that on storage coal de- 
i tcriorates Ixuh r.s regard' hc.afing power and 
i coking properties, a fact aStrib-Unblc to slnv. 
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costs for the 1,300 mile journey from London to ! 
Baghdad were stated to be £3 17* 6el with 
charcoal at £7 5* per ton and £10 12* Gd with 
petrol (Engineermg, 1934, 137, 132) 

(6) From Peat — Peatcharcoal is veiy friable 
and porous, and consequently difficult to nse in 
metallurgical operations When sufficiently co 
herent, and when the percentage of PjO^ is low, 
it may be used in low, small furnaces The; 
carbonisation may be effected in open hilns in ; 
pits or in ovens m which the air for combustion 
passes from above downwards, or by external 
finng m closed vessels, in order to enable the 
volatile products of distillation to be collected 
Peat charcoal is easilv kindled and has a calorific 
power of 6 500-7 000 g cal It is not adapted 
for smelting iron but maj be used advantage 
ously for gas furnaces on account of the large 
"ize of the lumps, absence of chnker and the 
fact that the ash readily falls through the bars 
Experimental work on the carbonisation of 
peat m vertical gas retorts is descnbed in 
Technical Paper No 4, of the Fuel Research 
Board (1921) The folloiving yields were ob 


tamed per ton of peat containing about 20^0 
of water 


Carbotusmg temperature ®C 980 

Coke ewt 5 4 

Tar, gallons 12 6 

Ammoma hquor gallons 95 5 

Ammomum sulphate, lb 29 2 

Gas, cn ft 14 900 

Calorific value of gas, 

B Tb U per cu ft at 
NTP 348 


8o0 
54 
213 
87 5 
24 8 
13 760 


3t>4 


(c) From Coal — The relationship between 
coal and the fuels derived therefrom is lUus 
trated diagrammatically m the annexed scheme 
The quantity of coal used for the production of 
denved fuels (excluding that gasified m gas 
producers) m Great Britain m 1935, amounted to 
42 milhon tons or 18 9% of the total output 
distributed as follows bnquetted, 0 9, pul 
vensed, 5 1 , carbonised at gasworks, 18 0 at 
coke ovens, 17 4, at low temperature carbomsa 
tion plants 0 3 , and hydrogenated 0 3 milhon 
tons 


Diagram suo^^rNQ the Relationship between Coal and the Fuels derived tdereirom 


BtiQuettes Pulverised 
(p 860 t) coal 

(P 361a) 

Uit coal ma 
tuies 
(p seia) 


OarboriHalioo 

— I 


tlfgb teraperatuie 

(aboxe 000*C ) 

Gas and metal 

luracal coke 

Motor spirit 
Tars 

Gas of 600 560 
n Th U per cu ft 
St« aU» Cose 
MAMTSACrntE 
Gas Coai 


GnslfiMtlon 

Producer gas 
(p 867C/ 

Blast firnacegas 
(p 3765) 

ttaterttasn 

(p 8*66) 

Catalytic reactions 

Alcohols 
viotor spirit . 
Diesel and fuel oils 
r Lubficatin? oil* 


Motor spirit 
Diesel oil 
Fuel oil 


BnqutUes (patent fuel) —The inevitable pro 
duction of more or less fine coal (which is often 
difficult to dispose of commercially) during 
mimng has led to the development of Imqnetting 
processes whereby the fine material is converted 
into soLd and coherent cakes which are suitable 
for burmng on grates domestic or otherwise 
The armual world production of briquettes is 
about 50 milhon nietno tons, of which someSG 
milhon (31 milhon from brown coal) are made id 
Germanj If the nvtnril wax content of a brown 
coal IS Sufficient it is possible to form briquettes 
without the addition of a binder ’ The raw 
coal 13 crushed and then dried until the moisture 
content is between 12 and 17%, it is essential 
that the raw material should enter the presses 
it from 30— lO'C , therefore the dried material 
mu't be cooleil to within this temperatnre 
range flic next step consists in foremg the 
dried brown coal through an onfice by means of 
a reciprocating stamp whence it is extruded 
against a rope of previously pressed bnquette* 
moving outwards The compressed brown coal 
emerges from the press as a long bar of gIo«^ 


black fuel nhicli on coohng, separates intoliingle 
briquettes Such a process of dry ” briquet 
ting cannot, however always be apphed to 
brown coal and never to bituminous coals and 
anthracites , it is then necessary to supply a 
bmder from external sources The most satis 
factory binders are coal tar, petroleum pitch 
or naturtl bitumen because they are readily 
combustible, do not add to the natural ash 
content of the fuel and render the briquettes 
waterproof A number of other binders such as 
maize meal fanni or potato starch (together 
with a small percentage of lime) or sulphite 
liquor are used where pitch is either unobtam 
able or too expensive in warm dry chma<e« 
such binders meet with some success but the 
bnquettes are not weatherproof Inorganic 
bmders such as clay , Portland cement, magnesia 
cement and hme have been used but are open to 
the senons objection that the mmeral content of 
the briquettes is increased Starch may some 
times be usefully employed as a substitute for 
part of the pitch (1 part of starch replaces about 
2 parts of pitch) but there is a limit imposed to 


* \ 
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sath replacement bj the extent to which it is 
desired to produce waterproof briquettes. Ex- 
perimental work has been carried out in the pro- 
duction of briquettes from bituminous coals by 
preheating them until they become plastic and 
then applying pressure, hut this process has not 
yet reached the stage of commercial develop- 
ment. 

When employing a binder, it should he broken 
np and fed. along with the dried coal into a 
mix er for accurately measuring out the propor- 
tions of the two materials, which then pass into a 
d isi ntegrator, where they are ground together 
to the required degree of fineness. The ground 
mixture is then dehrercd to a vertical heater, 
where it is heated by means of superheated steam 
so as to render the binder plastic and adhesive. 
Tnence it passes to the briquetting machine, 
where it is compressed into rectangular or ovoid 
briquettes. In the latter case, the material 
passes between two rollers on the perimeters 6f 
which are opposing ovoid cavities into which the 
coal/binder mixture is c-ompressed at a maximum 
pressure of 2 tons per sq. in. 

PulKTtfid Coal . — The speed and completeness 
with which a fuel can be burned are a function 
of the intimacy with which it can be mixed with 
the air necessary for combustion. In this 
respect, finely pnlverfred coal has the following 
advantages : (i) it may he intimately and nni- 
formly mired with the air required for combus- 
tion and burned c-ompletely with a minimum 
excess, leading to high furnace temperatures 
and low flue losses: (ii) it can he pumped 
through pipe-lines and handled with the same 
ease as a fluid: (iii) a furnace fired with pul- 
verised coal is extremely flexible under rapid 
variation in the load, since the supply of coal 
can be varied almost instantaneously by 
operating: a valve ; (iv) the absence of a fuel bed 
eliminates tronhles due to clinker formation, 
consequently the ash content of the coal is of 
relativelv little moment so far as the combustion 
process is concerned ; (v) the furnace atmo- 
sphere may be maintained either osidising or 
reducing at will ; this is of particular moment 
in metallurgical furnaces, since by maint aining a 
reducing atmosphere in contact with the charge, 
scaling losses are minimised. 

The range of fuels suitable for pulverising is 
very great ; provided the feed material to the 
pulveriser is snScieutly dry to be free-milling, 
fuels yielding up to 40^0 of ash can he burned 
in the pulveiis^ condition with a loss of only 
5% of combustible. While, however, such high 
ash materials can he successfully handled, it 
must be decided by circumstances whether it is 
an economic proposition to do so. bearing in 
mind that extra pulverising cost i- entailed in 
fine-grinding the incombustible matter, while 
at the sarce time, additional wear and tear 
results lead to enbaneed maintenance and re pair 
charges. 

The essential parts of a pul\ erised coal plant 
are means for preparing the coal, and a burner 
to deliver the fine product with the air necessary 
for combustion into the furnace. There are 
three general systems in operation, namely, the 

central-grinding which was first in the field, 
the “ unit ' or “ direct-firing ’ and the ‘ bin 


and feeder ’ system. In the earlier form of 
central-grinding plant, there was a central mill 
house iu which the coal was roughly crushed, 
dried, pulverised and stored, and from which it 
was distributed as reqm'site to the individual 
furnaces. In the direct-firing system, each 
furnace with its combustion equipment forms 
a self-contained unit consisting of mill and 
burner. The pulveriser receives a regulated 
feed of raw or roughly crushed coal and delivers 
the fine product direct to the furnace through a 
suitable burner ; no separate dryer is employed, 
but drying may be carried out in the mill when 
in operation by passing through it a current of 
hot air which forms the primarj' air supply to 
the burner. The advantages of the direct- 
firing system as compared with the older central- 
grinding system are its simplicity, low first cost 
and the small floor space required. On the 
other hand, the direct connection of the pul- 
veriser with the burner, although it makes for 
simplicity, is not altogether a desirable feature, 
since the load on the mill varies with the re- 
quirements of the furnace, and in the event of 
a failure of the pulveriser, the whole unit must 
be shut down while repairs are carried out. 

In the more modem bin and feeder system, 
therefore, while the intimate association of pul- 
veriser and furnace characteristic of the direct- 
firing system is srill maintained, the storage bin 
of the older central-grinding plant is retained 
and the transport plant is so arranged that the 
product from each mill may be dehvered into 
any of the several storage bins. The pulverisers 
are thus able to operafe at their designed and 
most economical outputs and in the event of 
the breakdown of any mill, the bin which it 
normally supplies may be fed from one of the 
other pulverisers. 

Drying of the coal is nec-essary in order to pre- 
vent hanging up and arching in storage bins and 
to reduce the chances of spontaneous combustion. 
The capacity of a given mill is increased and the 
power consumption is diminished as the moisture 
content of the coal is reduced. During grinding, 
the temperature of the mill rises, moisture is 
driven out of the coal if not previously dried, 
and such moisture may be re-deposited in any 
parts of the system which may be inadequately 
insulated, leading to the formation of obstruc- 
tions consisting of wet coal in the transporting 
lines. In direct-firing plant, preliminary drying 
is of less importance than in bin and feeder 
plant, since, owing to the short pa-sage be- 
tween the pulveriser and the furnace, the drop 
in temperature is negligible, consequently con- 
densation does not take place ; also the TOal i- 
aerated and agglomeration of particles is le=s 
lifcelv. In modem bin and feeder plant, 
separate dryers are less frequently installed than 
formcrlv; drying is carried ont in the mill by 
meaus of hot air or hot fi.ue gases. 

IVhile from the point of view of combustion 
the finer the dc-grec of grinding the better, a 
limit is imposed by the practical conriderntions 
that the pouer conmmption increases with the 
fineness of the product and at the same time the 
capacity of the mfll faIL= off. A couipromi=c 
mn=t. tirerefore, l>e adopted, “o v.s to en=ar^ such 
a degree of finen’^;- that no particle cf ("ca! 
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shall be sufficiently large that it will either fall 
ou* of the air stream or pa«s right across the 
furnace and escape unbumed with the waste 
products 

The necessary degree of fineness depends on 
(a) the density of the coal, (6) the percentage of 
aolatiles, and (c) above all, the combustion- 
volume available The smaller the combustion 
chamber and the low er the volatile y leld of the 
fuel, the finer and more uniform must bo the 
grinding 

It IS found for normal coals that good furnace 
conditions are obtained if the product shows the 
following screen analysis 

Passing B S Sieve No 44 99 

„ 100 85-8S 

„ „ „ 200 55-65 

In bill and feeder, and central grmding plant, 
means must be provided for transporting the 
pulverised coal, and there are two general 
methods in use namely, by means of compressed 
air or mechanical transport In the blowing 
tank system, charws of coal are blown os re 
quircd from air tight containers which may be 
mounted on weighbridges The mixture of coal 
and air is received in cv clones where separation 
takes place, the coal being then delivered, by 
gravity into the storage bins In the Fuller 
Kinyon pumping system the pulven»e«l coal 
IB continuously fed into a pump which con«i«t8 
of a long steel or cast iron screw, driven at a 
high speed m a cast iron cy Under which dis 
charges into a pipe line through which the coal 
IS transported A small quantity of comprc««ed 
air IS injected into the coal near the pointat which 
It leaves the screw and enters the piTC line 
The air prevents the coal from packing, thereby 
facilitating the action of the screw in forcing it 
through the dehvery pipe Pumping plant has 
an advantage over the other transport systems 
m which compressed air ismed in that, owing to 
the bmited amount of air which parses with the 
coal, no cyclones are reqmred to effect separation 
of the coal and air , capital cost and space are 
thereby saved, since the coal is dehvered directly 
into the storage bins Tins system has been 
U'ed for delivering coal at distances up to 
2,000 ft , and for bfts up to 100 ft In the 
purely mechanical cla«s is the screw conveyor 
method of transport in which the coal is trans 
ferred by screws working in suitable troughs 
This method was first in the field but had the 
disadvantages that it was not easily adaptable 
to changes of direction or to Lfts except tho«o 
involving very gentle slopes, consequently it has | 
generally been superseded in later plant The 
closer association of the pnlvensors with the 
furnaces, which is the present tendency, has 
minimised these objections and the mechanical 
transport svstem is likeh to regain its former 
f j'opulintv 

ITic coal hav ing l>cen supplied to the furnace 
I m is pa?«etl by means of a feeder to the burners 
Tlie function of the feeder u to deliver the coal 
uniformh and without pulsation to the burner, 
which. 111 its turn, when supplied with a cor 
rectiv proportioned mixture of coal and air, 
should dehver a uniform nuzturo into the 


furnace While there are numerous makes of 
pulvensed coal feeder, the general pnnciple 
underlying their design is the same, namely, that 
small, equal quantities of powder are picked up 
by a suitably divided wliccl or fluted drum and 
thence dropped into the stream of primary air 
on its way to the furnace Although several 
types of pulvensed coal burners are available, 
all modem burners emplov low air pressures 
and, in general, arc designed to scciiro a thorough 
mixture of the coal with all the air reqiured for 
combustion near its point of entrance to the 
furnace, while some, in addition, attempt to 
secure turhulence of gases in the furnace The 
choice of & burner must be influenced pro 
foundly by the furnace in which it is to be 
installed, depending on whether there is ample 
combustion space, and whether the furnace is 
provided with water cooled or refractory walls 
The earbcr pulvensed fuel furnaces were of 
conventional tvpe, having sohd refractory wills, 
but erosion difficulties ansing from slagging of 
the ash were so serious that modem furnaces are 
generally provided with walls made up of tubes 
which are connected with the water spices of 
the boiler The tubes may be bare and so 
exposed to the full radiation of the furnace, 
they may be embedded m refractory bricks 
which are thus cooled and prevented from over 
heating, or alternatively, they may be covered 
on the fire side by refractory cast iron blocks 
which are clamped to them The bottom of the 
furnace is provided with a water screen ’ of 
widely spaced tubes al«e connected with the 
water system of the boiler, the ash thus enters 
the ashpit itu a cooling rone and is delivered 
as solid particles and not ns slag 
Instead of being water cooled, one or more 
walls of the furnace mav b© cooled by passing 
the secondary nir through suitable passages, 
thus simultaneously protecting the walls and 
pre heating the secondary air 
In Fig 2 (Bone and Himus, op ci( } the 
amngement of a modem boiler plant fired by 
pulvensed coal is diagrammaticallv shown It 
vnll be appreciated that in a water walled 
furnace, such as is lUiistmteil, the utmoxt 
advantage is taken of heat transfer by radiation, 
in fact IQ certain modem plant, no le'ss than 
85% of the beating surface is cxpo«ed to radiant 
heat, only 16% of convection heating surface 
being providevl 

In the Combustion Steam Generator, the 
furnace is entirely surrounded with water tubes 
and the burners are arranged at the corners of 
the furnace so as to dehver the coal — air mixture 
tangentially to an imaginary circle about 4 ft 
in diameter, thus imparting a swirling motion to 
the contents of the furnace, the result is that 
the gases are thoroughly mixed with consequent 
rapid and complete combustion At the Con 
gellarowcrStation Durban twosuchgcncritors 
have been installed each dcsignctl for a con 
tinneos evaporation of 120 000 lb per hour and 
operating at 2701b persq in with a guaranteed 
thermal efficiency (based on the net calorific 
value of the coal) of 5% 

The appheation of pulverised fuel to internally 
fired boilers (Lancashire and marine) has given 
ri<o to special problems by reason of tbc small 
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furnace volume. hereaj: in .a vafer-tube boiler 
of any given capacity the furnace can be 
dc-dgned to suit the fuel and method of firing, 
in an internally fired boiler, short of fiftinc an 
cvt'^mal combustion chamber (vt-hicfa is nstialiv 
impra'^ticable ouing to the c.\tra space rerjuircd). 
the furnace volume i= rigidly limited by the 
size of the iwiler. and attention has therefore 
been concentrated on improved burner design 
to secure rapid and complete combustion. For 


successful operation, uniform and fine arindintr 
IS neccssan- to ensure that no particles"” of coal 
fall out of suspension before combustion is 
complete. A number of pLants consisting of 
batteries of Lancashire boilers are m successful 
j operation and the use of pulvcn^ed coal for 
marine propulsion L making some headuay. 

An important development nou- m the stage 
of la^e-scale experiment is the use of a sub. 
stantially de-ashed pulverised coal for power- 
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production in internal combustion engines of such trouble is said to have been overcome by 
the Diesel type, .and already progress has been using linings made of special steel, 
made in this direction in Germany and Austria. Xo valve trouble has been reported, the ash 
PavlikoTvski. formerly associated ivith Diesel, (it is said) being blown through the valves as an 
maintains that to adapt a Diesel engine to pul- impalpable powder. This is a point on which 
veiised coal, little alteration is necessary beyond judgment .'hould be reserved. It would be 
the provision of a special admission valve and a advantageous to work with a pulverised coal of 
pre-c-ombustion chamber for the fuel, and that lowest possible ash-content, such as might be 
the only serious mechanical difiicnity so far prepared by a de-ashiug process ; probably 
encountered has been due to leaking piston ring= research on the explosive properties of such 
allowing the powdered fuel and ash to grind fuel wiU. lead to - improvement in engine 
between the piston and cylinder lining; but design. 
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Oil — Coal Jltriurts “Colloidal Tttel ’ — 
though potential heat m the form of coal is 
generally cheaper than m the form of oil, Iiqnid 
fuels po«'es3 certain advantage'!, particularlv for 
marine purpose®, in that tbe\ are more readily 
handled and permit more economical utilisation 
of bunker space , the thermal storage capacitv 
of a given bunker i®, in fact, about 40*^ greiter 
ivith od than ^nth coal 

A suspension, however, of finely powdered 
coal and oil is, by reason of the fact that the 
specific gravity of coal is 30-10% greater than 
that of fuel od, the mo®t compact fuel known , 
thu®, for example, if a coal of sp.gT 1 33 and 
calorific value 14,500 BThU per lb be made 
into a 40 60 mixture with fuel od of sp gr 0 90 
and calorific value 19 000 B Th L per lb , the 
mixture has a potential heat content of nearh 
11*2 therms per cu ft , as compared with 10 7 
for od or 7 2 for coal alone -^part from the 
greater concentration of heat m coal — od miv 
tures, other advantage® are the ab'cnce of 
detenoration and self beating to which many 
coals are liable Coal — oil mixtures having 
specific gravities of about 1 04 cm be stored 
under a water seal, thus reducing fire ruks, 
whde in the event of fire extmguishing b\ water 
IS possible Although such mixtures are called 
" colloidal fuels, ’ the name, though ronvenient, 
is not really correct since the normal <i 2 e of the 
coal particles is from I or 2 to Co/t, w bereas the 
upper limi t for particles of colloidal dimensions 
IS about 0 Ip The first proposal to ii®e coal — 
od mixtures as fuel appears to have bein made 
bj H Smith and H, Munsell m 1879, whde 
sporadic experiments in this direction were 
made from time to time earh m the pre®ent 
rentury It was not, however, until the matter 
was taken up by the Submarine Defcn«c 
\««ociation” m the United States during the 
[>enod 1914 18 that serious experimental work 
on a large scale was earned out Thi» as ocia 
tion, under the chairmanship of Lindon W 
Bate®, earned out extensn e experiments on the 
production and utilisation of such mixtures, and 
successful tnal-, were carried out m the U S 
Scout Cem between Aprd and Julj, 1017 Sub 
-equentlv, trials were made L% J G Robinson 
on the finng of locomotives on the Great Central 
Ilailwav, after which the question of colloidal 
fuels fell into the background untd interest was 
revived in 1932, when the Cunanl liner 5ct//Aia 
made the round trip between Lnerpool andXew 
York, successfuUj burning a 40 00 coal — odmix 
ture in ore boder out of the twehe which are 
normallj fired with od fuel *'ince that dale, 
investigations have proceeded in Great Britain 
and Gerraanv, chiefli on the prodaclton of 
colloidal fuels, but there is icrj little pubh®hed 
information about their combustion 

A colloidal fuel consists c«scntialh of a su-, 
l>en*ion of solid fuel in a Lquid fuel, the mixtnre 
being euitabh stabilised so that separation of 
the solid shall not take place under normal 
t onditions of s torageand handling at atmospheric 
temperature dunng(sav)C months, or at 100 C 
witlun a few 1 ours 

Such stabihti may be realised in four wa\®, 
b\ (i) reducing the particle ®ize of the coal, 
(ii) conferring a gel structure on the od b% the ' 


additionof a suitable stabiliser or “ fixateor ” to 
the oil, (ill) Using a suitable pepti®ing agent to 
disperse the coal , or (iv) employing an od which 
will give stable su«pen®ion3 without the addition 
of a stabdi'er or other special treatment 
(i) Vlthongh the grinding of coal m od to 
colloidal dimensions is quite fea®ible, the proce«® 
13 costlj, and the economic limi t of grinding 
appears to be «uch that from 80 to 90^o ivdl pass 
througka 200 me^h «ieve orperhai s shghtly finer 
(u) It was onginallv pomted oat by S E 
Sheppard m 1921 (J Intk Eng Chem 1921, 13, 
37) that if the structure of a dilute gel be in 
duced ID the od, roal ground as above (particle 
«ize from 64/a downwards) might form a stable 
suspension m od Such a condition maa be 
reah«ed, for example, by suitabh dispcrsmg from 
0 2-1 0^^ of sodium stearate m the od, and it is 
probable that man 3 other stabiL'ing agent® may 
behave m this manner 

A simple method which appears to be effective 
con ists in blowing air through the heated od, 
the htabthser being then lormed bv partial 
oxidation of the od itself 
(m) Certain od', pirticidariy tar oda of btgb 
boibng point, po'.ess the power of disper-ing 
bitummous coal when the pow dered coal is heat**d 
with the od The action of tar ods as stabi 
lia.er3 is probably ba«ed on this propertj which, 
iQ general, is not pos'cssed bv petroleum oils 
(iv) Although normall), petroleum ods hate 
no dispersing action on coal, the Cunard Co 
have found that certain fuel oils, particularly 
if produced b\ cracking processes, form stable 
suspensions with powdered coal without the 
ne<es'i(\ for (he U'e of aoi stabiliser There 
appears to be a. correlation between the carbon 
residue of the od and its capability of giving 
stable suspen ion® 

An mgenions and simple method of assessing 
the staodity of coal — od suspensions has been 
dcMsed by the Fuel Pe«earch Board (Ann Rep 
1935, 155) Asampleisplacedmaloug test tube 
suspended vertically in a holder so that it maj’ 
function as a pendulum The period of swing 
IS noted, and as settlement takes place, the 
centre of gravila of the pendulum fall , with 
consequent alteration m the penodjc time 

Low TeMPEBATTBE CaBBOVISATIO'f 
The object of low temperature carbom«ation 
of coal 13 to produce a free huining, smokeless 
solid fuel with simultaneous recovera of the 
smoke protlucing portions of the coal as tar®, 
oils and gas The substitation on a large scale 
of snch a semi coke ’ for the 30-35 million 
tons of raw bituminous coal at prc'Ciit annually 
bume<f for domestic poqW'es would do much to 
mitigate tlie smoke nui ance, while at the same 
time products which are now wasted and broad 
ca«t into the atmo'phere would be t-on-ened 
This uivohes the carbonisation of coal at tern 
peratures ranging from 500 to CoO'C , a problem 
which lias so cvcrci«otl the minds of mventon* 
for the past 30 years that upwards of 200 
different designs of plant have been tried for 
the purpose hut only a few processes have 
achieved nn\ commercial importance or success 
The stnous difficnltics presented hi this 
problem arc. (i) ensuring a gufficicntly rapid 



16C 


rUTL 


tures from COO to 700®C , it may lic operated kinds of coals, the through put per retort per 
cither contmuouflly or semi internuttentlj The daj being from 5 to 10 tons according to whether 
through put may be as much as three times that strongly or weakly coking coal is being treated 
attained with a cast iron retort of the same The beat in put required to carbonise 20 tons of 
dimensions operated at COO°C , the jields of medium coking coal per day in two such retorts 
tar and gaseous thepms being both matenally is remarkably low, being only 19 8 therms per 
increased at the expense of the eemi coke ton 

rxperiments ha\e leen earned out with all The Babcock and Wilcox retort is an example 
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of a plant in -B-liicii internal heatins is practised, 
preliminaij- treatment of the coalto modifr its 
sn-eliing characteristic? being also apph'ed. The 
coal is first preheated to for about 

15 minutes on a chain-grate stoker by means of 
hot gases from a special combustion chamber, 
and is then discharged via seaUng valves on to a 
scraper-conveyor which distributes it uniformly 
over the surface of the fuel bed in the rectangular 
retort below. The fuel bed is about 3 ft. deep 
and is supported on sir hydraulically K)perated 
rolleis of special cast-iron, which coatinuonslv 
discharge the semi-coke into hopj>ers from which 
it is passed over rotary screens on which it is 
quenched- Carbonisation is carried ont by 
passing snperheated steam and hot combustion 
prodncts (from the burning of the gas generated 
in the process) at a temperature of between 600 
and "CHJ'C. The volatile products are passed 
through an appropriate recovery plant, and after 
removal of light spirit the scrubbed gas is 
finally returned to the plant for heating the 
retort. The yields obtained per ton of coal in a 
test carried out by the Fuel Eesearcb Board in 
such a retort when carbonising 29-S tons of 
Hartley Smalls per day were : semi-coke, 15-04 
cwt. ; tar. I6-S gallons ; light spirit (from gas), 
2-6 gallons : gas, 3S,700 cn. ft. of 27 gaseous 
therms. 

Semi-coke is an excellent domestic fuel ; 
readily ignited and smokeless, the radiant effi- 
ciency is about one-third higher than that of 
coal and slightly above that of anthracite or 
high-temperature coke. Assuming good house 
coal and semi-coke to cost 50?. and 60?. per ton 
resjiectively, the approximate costs of radiant 
heat per therm are S-9d. from coal and 8-Oi. 
from semi-coke. 

Low-tempeiature tars, by reason of their 
content of phenolic bodies (approximately 30%) 
have a relatively low caloriSe value, from 15,500 
to 15,600 B.Th.U. per Ib. compared with 1S,6CK) 
to lOjefrO B.Th.U. per lb. for crude petroleum. 
They form, however, good raw material for 
hydrogenation and may thus be converted to 
motor spirit (free from tar acids) and Diesel oil, 
the yield of motor spirit under suitable conditions 
being np to 75%. 

The foUovring statistics apply to the British 
low-temperature carbonisation-industiy in 1935 : 
coal treated, 0-33 mUlion tons ; semi-coke pro- 
duced. 0-26 rmllion tons; tar produced, 5-3 
milli nn gallons ; crude spirit scrubbed fiom gas, 
0-SS million gallons ; gas produced, I,65S milfion 
cu. ft., equivalent to a yield of 32-3 thenns per 
ton of coaL 

High TEitPEEArrEE Cahbomsatiok. 

Coke is the soh'd product of the high tempera- 
ture carbonisation of coal. It varies consider- 
ablv in external character. For meta.Uurgical 
purposes, the best coke is compact, heavy, 
homogeneou?, with bright fight-grey surface. 
It contain^, b-.-sides carbon and ash. small 
quantities of hydrogen (0-2-1 -2^ob o.vj-gen 
(traces and up to'l or 2%). and organic sulphur j 
(total S 0 S-1 •&%). The be-'^t coke^ contain 
upward? of 90% of carbcci. less than 5% of ash, I 
and should have a rnct.'sllic ring. Coke is only| 
sUghtly hygroscopic, and when thoroughly dried ! 


I does not absorb more than 1-2% of moisture 
I from the atmosphere. The moisture in coke 
: put on the market should not exceed 3%. The 
; calorific value of dry coke containing 90% of 
! carbon and 0-5% of hydrogen is about 7,450 
; K-C.U. per kg. (13,410 B.Th.U. per lb.). The 
greater portion of the coke manufactured at 
; coke oven plants is disposed of for metallurgical 
I purposes, while that made at gasworks (after 
I the requirements of the works for heating the 
I retorts and for production of water-gas have been 
supplied) finds a ready sale to industrial and 
; domestic consumers. The latter market has 
1 expanded to such an extent during recent years 
; that in 1937 there was a shortage of supplier. 

I For further details, see Coke 5lAXtrFACTtrp.E 
I and Gas, Coal. 

Gasification of Coal, (a) Produc-r-Gas . — 
For the cheap and rapid production of gaseous 
fuel for industrial purposes, there is no better 
process than the gasification of solid fuels (peat, 
bituminous coal, coke or anthracite) by means 
of a mixed air-steam blast (somerimes air alone 
is employed) in some form of gas “producer,"’ 
whereby the fnel is converted into gas containing 
some 35-45% of combustible constituents (CO, 
H and CH^,). A modem gas producer consists 
of a cylindrical furnace, ^12 ft. internal dia- 
meter and 10-15 ft. high, lined with fire-brick 
with an outer mild st^l casing, and usually 
water-sealed at the bottom. Jleans are provided 
(1) for the introduction of the blast through 
some form of grate or twyer fixed immediately 
above the level of the water in the seal, and its 
regular distribution through the bed of incan- 
descent fuel (usually- 3-5 ft. in tliickness) which 
rests npon a lower bed of ashes ; and (2) for the 
charging in of the raw fuel through (usually) 
some form of beU hopper fi-ved centrally on the 
top of the producer, round which are arranged a 
number of equidistant poking holes closed by 
iron balls. The gas outlet is fixed near the top 
of the cyh'ndrical furnace. Taking as a typical 
example a producer working with a mi.xed air- 
steam blast on a common bituminous coal, the 
chemistry of gasification may be epitomi-ed as 
follows. When a fresh charge of fuel is dropped 
into the furnace, it first of all undergoes a process 
of distillation on the top of the fire, thereby 
H, CH^. tarry hydrocariyins, CO, together 
with small quantities of NH^. H,S, etc., arc 
evolved, probably in much the same prop-ortions 
as in the ordinary retort distillation of coal; 
olefines and higher paraffins arc, however, ?o 
rapidlv decomposed that they do not, a? a rule, 
appear in the gas passing out of tne prcKiuLcr. 
The carbonaceous residue” (coke) i- .=ab-cquently 
completely gasified in the lower layers of the 
incandescenr fuel-bed, by interaction vith the 
ascending air-steam blast, riehb'ng a mixture of 
CO., cb, H and N. together with further 
small proportion- of N and CH,. Tno propor- 
tionsof CO.. CO and H leavi.ng the incandc- ''-nt 
coke-btd depend iitvin the .‘^team-‘-atur3ti>>n 
temnerature of tlm bla‘t. whith also Itrccly 
determin-^ the tcmiKrature "r.idi-:nt thu'' igii- 
out the fire. In t-rd^-r to undc-r-tar-d fully the 
cbemistrv of the procc-=, it i- net -•iTj' to 
I consider' separately the inter.’.- tion 1»--’, 

! iacandcjcent carl-an ar.d air and steam ra. j" c- 
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This ktter reqnireinent is fulfilled bv a gas con- 
taining 2-5 Cd,. 30-6 CO, 12-3-5 H (snchas mav 
he generatad. "nTth blast-steam saturation tem- 
perature of 50"), and leaving the prodncer in a 
hygrosconic conditiQii corresponding to satura- 
tion st 26n Such a gas vrill leave the pr^ueer 
heavilv charged vith tarty vapours, and at- a 
temnerature of 500-^00 " ; it usually passes on 
to the furnace through large mains IMed with 
fire-brick, withont being cleaned or cooled, ac- 
cumulations of tar, soot, ere., in the mains being 
burnt out in a current of air at the end of each 
week's run (r- uZso - A- Feme, Producer Gas. 
witii suecial reference to Steel Works Reourre- 
ments.^' Jonm. W. of Scotland Iron and Steel 
Ickitute, 1911). 

In. gas generated for power purposes, the 
actnsl comnositioij is not so important, provided 
that the total content of combustible constituenfe 
is fainh. and in such cases the gas may be gene- 
rated under conditions permitting of the 
recoverr of a large proportion of the N in the 
fuel as NH-. A gas supply for iuter:^- 
combustion engines must & both thomughly 
cleaned and cooled down to atmospheric tem- 
pera ture before delivery to the e n g in e. 

' The TT-^.tn points to be considered in relation 
to gas-nmdncer desrgn are; (1) the ea^ and 
accurate control of the blast-steam sataration 
temperature ; (2) a suitable form of grate or 
twver which should permit of a rapid rate of 
"arification, tc-uether with uniform- distribution 
of the blast- tliiough the fuel bed ; (3) the con- 
tour of the furnace body ; and (4) the arrange- 
ments for charging the prodncer and Temovai of 
th<-- ashes. One of the earliest forms of gas 
pre-lucers (Ebslmcn, 1&40) was of the c^ln 
jvp-;-. in which charcoal or coke was gasified, 
with 3 positive blast introduced throvgh twyers. 
ILmestone being added to the charge (if necessary) 
tofiuxtheash. In lS4o Ekman, a Swedish icon.* 
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master, designed a furnace and producer com- 
hined, for which the feel was charcoal. The 
prodncer itself consisted of a cylindrical fire- 
brick chamber, enclosed in an iron, casing, a 
space being left between the brickwork and the 
casing t^cjugh which the air supply was admitted 
and preheated on its way to the fire. In 1861 
the brothers Siemens patented their well-known 
•producer for use in connection with their new 
regenerative furnace. This producer consiried 
of a fire-Diick chamber, rectangular in section, 
the fimnt of which was inclined at an angle, of 
45-60% provided with a grate _at the bottom, 
throuuh which a current of air was induced. 
Beloiv^the grate was a trough of water, which, 
on evaporation, by heat radiated from the 
grate, added a certain proportion of steam to 
the induced air supply. Subsequently the front 
of the piroducer was closed by an iron door, and 
the air sujqily forced in under the grate by 
steam injection. This producer was the fct to 
successfollv gasify a bituminous c-oal; it ■was 
caoable of generating a fairly good quality of 
gas, but its rate of^gasificatioa wa' low. In 
1S76 Ilessis. Brooke and Wfison patented a 
i producer conrisring of a cylindriw-l chau^r 
ihavine a soHd hearth, but no fire bars. The 
mised" air-steam blast -was obtained by steam 
I inj^Hction. and was introduced int.o the aucI bod 
bv' mkns of a box-shapod casting which 
! traversed the middle of the hc-arth. In 1 SS2 klr. 
j 172=011 patented a form of generator on irhich 
ash and clinker were automatically removed by 
means of two worm screws revolving in a xrater 
1 seal. Water-sealed pro-luccrs have now almost 
I entirelv supierseded the older s-oh'd or be.r- 
I bottom trp-cs. 

‘ The Dufi p'codncer (Fig. 4) may be cited 
^ a -wet-bottomed producer of simpl-i design ; Jt 
I consists of a cylindrical cmambir A. 7-1' < ft. 
[intemsl dl.smeter, with a P-is. fire-brick lining 





















within an outer steel shell At the bottom of the 
hmng 13 a circular angle iron casting, which dips 
into the water seal in the trough BB The 
“ Duff ’ grate, or blast grid C, is a shaped 
structure, with transverse grids extending as a 
ridge across the producer immediately above the 
water seal , the air-steam blast enters the space 
beneath the grate, and the grid ensures its um 
form distribution o\ er a considerable area of the 
fuel bed The latter (which, os a rule, extends to 
a height of about 3 ft above the apex of the 
grate) is supported upon a bed of ashes, which 
extends downw ards from the grate level mto the 
water trough In the lower part of the shell of 
the producer, and on a level with the grate 


i incommg preheated air-steam blast passes before 
reaching the grate , (2) the hanging bar grate B, 
' which takes the shape of an inverted truncated 
cone, with spaces between the bars for the 
admission of the blast, an arrangement which 
ensures an adequate grate area and a vei^ 
uniform and effective distnbution of the blast 
in the fuel bed , and (3) the large bell C at the 
top of the producer below the charging liopper 
D, which 18 supposed to expedite the preliminary 
distillation of the raw fuel The Jlond producer 
IS usually worked with a very deep fuel bed, 
as indicated in the diagram, but if the bell C be 
dispensed with, a much shallower fuel bed may 
be used with advantage 
To secure the best results from a gas producer, 
coptinuity of operation is essential , the coal 





cleaning doors DD are provided lue fuel is 
charged intermittently mto the furnace through 
the belled hopper E, and the gas outlet is at b , 
the dotted lines at GG indicate poking holes 
Ashes are withdrawn from the water trough at 
regular intervals in quantity corresponding to 
the rate of accumulation in the furnace A pro 
ducer of 10 ft mtemal diameter will gasify 
10 civt of coal per hour, or about 15 lb persq 
ft of fire area 

In Fig 5 IS showTioneof the earher forms of the 
Jlond producer, which, although desiguctl with 
special reference to ammonia recovery practice, 
LS emmently adapted to all working conditions 
The chief features about this producer are 
(1) the annulus A between the inner fire bnck 
limng and outer steel shell through which the 


should be charged regularly, in small quantities 
and evenly spread over the fuel bed Irregular 
ebargmg of coal in large quantities results m 
sudden chiUmg of the upper lajers of the fuel 
bed and, m consequence, increased COj in the 
gas Furthermore, it is desirable that the 
removal of ash and chnker should take place 
with minimum disturbance of the fuel since this 
tends to channelling of the bed while small 
pieces of chnker are hable to be lifted into the 
active combustion zone where thej would tend 
to grow by accretion 

Th« Morgan “ Qas Machine," which m largely 
used m steel works, IS illustrated in Fig C The 
object of the plant is to carrj out gas making 
with minimum disturbance of the fuel bed Iho 
bod^ of the producer and the ash pan arc 
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revolved meciianicaUy, the top remainins 
stanonaiy, a vater seal ensuring a oas-ti»Iit 
joint. Coal is contfnuonslv fed mto the oto- 
durerbj-a dram which is divided into quadrant^ 
and by reason of the fact that the fnel bed re- 
volves, is distributed over the surface thereoL 

1 continnonslv 

levelled by two water-cooled Ie\ e llfncr bars sus- 
pended fay trunnion-joints from the'" top plate 
of the producer. 

The air-steam blast is admitted ua a central 
mu^om-shaped twyer. The ash-removal 
device consists of a spiral bar endins m an ash- 
^ngh which revolves with the'' producer. 
V\ hen it IS r^uired to remove ashes, the plonsh 
with the spiral bar is stopped for one compile 
revomtion of the producer, 
and then automatically 
released to revoh e again 
with the produc-er. 

Such a producer, 10 ft. in 
diameter, will gasi^ 3,000 lb. 
of coal per hour, the power 
c-onsnmption being onlr 
J brake horse-power. 

T7ie PoiC'^T Gas Corpora- 
tior'g Mechai^ical Producer- 
Gas Plan!. — One of the^latest 
power-gas producers* with 
automatic feeding and ash 
discharge is shown, together 
with its gas-cleaning acces- 
sories, in Fig. 7. It consists 
of a steel shelL the upper 
part of which is lined with 
refractory brick, while the 
lower porrion is provided 
with a water-j'acket which 
functions not only as a boiler 
in which the steam necessary 
to saturate the blast is 
generated, but also as a 
cooling agent round the 
primary combustion zone 
which tends to prevent 
formation of clinker on the 
walls. 

The KoDer grate which L? 
concentric with the producer 
shell is built up of special 
cast-iron rings, superposed 
one above the other, the 
space between forming hori- 
zontal ports for the even 
distribution of the blast. 

The grate is sc-cnre!y bolted 
to the revolving ash-pan, 
the floor of which slopc-s 
outwards. Spiral ribs, which are cast on to 
the ash-pan, shear the bottom from the column 
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crude gas contains both dust and tarry matter 
For certain fimjaces the hot, crude gas can 
be ntflised as such ; but for other pnrpo^^es the 
gas mnst be cleaned. 

In the producer plant dlnstrated, the hot 
crude gas 3= first passed through a Ljmin washer 
m which it is cooled by means of water sprayed 
m at the top of the torrer and da-t and some of 
the tar are removed. 

The Lymn washer consists of a tower with a 
vertical ^ationary shaft located m the centre, 
fatted with a series of distnbutmg cones at smt- 
able distances from each other functioning m 
conjimction with a corresponding series of 
inverted tmncated cones attached to the casino- 
and serving as coUectmg devices. TTater 5 



Moicoa x Provvcer- G.\s Machiat 
Fig. 6. 


sprajed in at the top of the tower and gas 
enters at the bottom. Thin sheets of water fall 
alternately fimm the distributors to the col- 
lectors and rirp i-rsn and are atomised in the 
form of a fine spray acfmllv driven by the gas — 
itself flowing m a zig-zag path'fn the opposite 
direction — on to the collector- or distributors 
where the spray again forms into sheets of 
descending water. The whole of the gas i- thus 

— — — s- s f I brought into contact with the water saveral 

mechanically-operated feeding device. j time-^ before leaving the tower. 

fVhen cxial is gasified in the producer the hot, ( .Ifter Faving the washer, the cooled gas p.i'sC^ 


of ash and force it outwards under the cast 
steel seal rinu which carries several ash hooks 
against which the larger masses of clinker 
are broken up. The ash is autom.itically dis- 
charged over a steel plough bolted to the seal 
ring, the equal spacing of the ash hooks round 
the ring ensuring its even removak Fuel 
is charged to the producer by means of 
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the liquor in 14 is condensed The air blast to 
the producer is taken into the system by a 
blower, saturated with water vapour as already 
descnbed, and finally pre heated at the expense 
of part of the sensible heat in the gas from the 
producer 

In the Power Gas Corporation Low Tempera 
lure System the producer is operated with a 
very deep fuel bed (about 60% greater than m 
the Mond plant) so that (a) the coal in the 
upper part of the fuel bed is subjected to low tern 
perature carbonisation by internal heating, and 
(6) the time of contact of the steam with the 
fuel 18 increased, lea din g to lower steam require 
meuta for a gweu. recovery of ammonia^ higher 
thermal efficiency of the process, higher yield of 
tar and improved quality of gas The chief 
modifications in the producer are an increase 
m height relative to the diameter and adaptation 
of the gas offtake 

Typical Results obtained the &Iond 
P oiTBS Gas Gobpobat7£»n Low Tbm 
PEEATTOE Processes 


Assumed fuel analysis Volatiles 37 0, Aah 12 0, 
N I 4% Net calorific value=12 000 B Th 
U per lb 



Uond 

Power Gas 
Corporation 

LOW 

Temperature. 

Gas 

Cu ft per ton 

133 500 

118,000 

oo 

oo 

5^ 

16 0 

83 

110 

20 5 

H,% 

26 0 

206 

■cK% 

27 

65 

N,»r 

45 3 

44 9 

Calorific value 

B Th U per cu ft 
net at N T P 

136 

182 

Ammomum sulphate 
recovered 

Lb per ton 

90 

90 

Tar Gallons per ton 

10 

2, 

Thermal efficiency of 
producer 

Including tar 

74 

923 

Excluding tar 

68 


Steam, from outside 
sources, required per 
ton of coal Tons 

1 9 

1 05 


Water Gas t Gas, ■^\ATER 
Blast-Furnace Gas. — ^The blast furnace, by 
iirtue of ifa mode of operation, inevitably be 
haves as a huge gas producer, upwards of 60% 
of the potential heat in the coke leaving the 
furnace as potential heat in the blast furnace 
gases, and m consequence, much attention has 
been paid to the efficient ntihsation of such heat 
The composition of gas issuing, at 250-300®C, 
from a modern coke cliarced blast furnace under 


normal smeltmg conditions will usually bo within 
the following bmits 

CO. 10-13, CO 26-30. H, 1-2 and N, 68- 
60% 

Its specific gravity is practically tlie same as 
that of air , its gross calorific value when dry 
may be taken as practically 100 B Th U per 
cn ft (or about 880 kg cal per cu metre) at 
0®C and 760 mm , or 95 B Th U per cu ft 
(or about 840 kg cal per cu metre) at 15® and 
760 mm It burns with a feebly luminous 
greenish blue flame, and requires 0 7 of its own 
volume of air for theoretically complete com 
hustion resulting in products containing 25% of 
carbon dioxide 

it leaves the furnace heavily charged with 
dust, and although the coarser and heavier 
particles are deposited in “ dust catchers ” 
inserted m the down coming gas mam from the 
furnace, as well as m the gas flues leading there 
from, there still remains about 5 g per cu m or 
nearly 0 3 lb per 1,000 cu ft of fine dust 
A CHeveland furnace with an output of 1,000 
tons of pig iron per week will produce about 
1,113,000 cu ft of such gas per hour with 
a potential heat content of some 1,113 tbeniis, 
and a sensible heat (assuming a temperature of 
250*C ) of 88 6 therms Leaving the sensible 
heat out of consideration, the potential heat in 
the gas if burned in a gas engine working at 
25% efficiency, would be capame of developing 
continuously no less than 10,850 brake horse 
power This very large supply of energy is 
utihsed m three ways, (i) to pre heat the blast, 
(u) to generate the power necessary to produce 
the blast and to work the hoists, and (in) for 
otber purposes such as the generation of elec 
tricity or, mixed with coke oven gas, for firmg 
re heating furnaces and the like Whether it 
is to be used for production of power or for the 
firing of hot blast stoves, it is advantageous that 
the gas should be cleaned to reduce the dust 
content Suitable limits arc between 0 3 and 
06 g of dust per cu m if the gas is to be 
employed for firing boilers or for heating the 
hot bl^t stoves, and 0 01 g per cu m prior 
to usa TO gM-angTOeft Tho &vevs.go of 

ntihsation of uncleaned blast furnace gas when 
burned under Lancashire boilers was, according 
to observations since 1914 not over 60% even 
under the most favourable conditions, whereas 
in recent practice cleaned gas when burned 
nnder water tube boilers has enabled efficiencies 
exceeding 80% to be realised Similarly, the 
efficiency of hot blast stoves has been raised 
from about 66 to 83% 

Prehmmaiy cleaning of the gas to a dust 
content of from 0 3 to 0 5 g per cu m has been 
accomplished by electrostatic cleaners of tlie 
Lodge Cottrell type, very little loss of sensible 
heat taking place, the cost being given as about 
0 028d per 1,000 cu ft Before the gas can bo 
used in gas engines, however, further cleaning 
is necessary, successful results being obtained 
byfiltenngit as m the Halberg Beth plant which 
IS illustrated in Fig 11 The shghtly warm gas 
IS filtered through bags made of a special fabric, 
arranged 12 in a compartment with a mechanism 
Ibr pcnodic shaking, whereby its dust content 
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may be reduced to below 0-005 g per cu m cODtiining an appropriate catalyst The most 
One such cleaning plant at Frodingham m effecfave cataljsts belong to the 8tb group and 
Lincolnshire, with a total rated capauty of 4 contain either Ni or Co The cataljsts dimimsh 
million cu ft per hour, reduces the dust content in actinfcy oning to impregnation bj waxes 
of 3 milhon cu ft of gas per hour down from which must bo penodicaUy remov ed by solvents 
6g to between 0 003 and 0 005 g percu m ^^cessful operation depends mainly on the 
The operating costs of cleaning the gaa to a cataljstandniatntenanceofuniformlempcraturo 
dust content below 0 Oo g per cu m bj the (about 200°C ) during the exotherniic reaction, 
foregoing methods are said to be of the order of some 600 kg cal per cu m (G7 3 B Th U per 
0 06d to 0 lOd per 1,000 cu ft cn ft ) or 20% of the potential heat of the gas 

Blast furnace gas, when cleaned to the degree being liberated The catalysts emploj'ed by the 
already mentioned, is eminently suitable for use Ruhr Chemie A G are said to require re 
in large gas engines and modem engmes of activation at the end of 3 months and are made 
from 2 000 to 6 000 H P when coupled to elec by precipitating such materials as Ni*Th, Nl* 
trie generators have an oaer all efficiency of Mn Al or Co-Th on infusorial earth 
not less than 25% at the switchboard and are Theoreticallj about 1 4 gallons of oils (sp gr 
indely used for the purpose Further economy 0 76) should be yielded by 1 000 cu ft of gas , 
IS possible by recovering part of the waste heat the highest yield reported is 72% Typical 
in the gas engine exhaust in avaste heal boilers products are as follows 

ivhicli may he advantageously fed with the hot 


water leaving the cyhnder jackets of the engine 


WeigFit 

Olefines 

% 

Gas which IS in excess of that required to heat 

*c 

mixed with coke oven gas to give a mixed gas Low boiling frac 
the calorific value of which is about 105 B Tb U titm 

<30 

4 

60 

per cu ft the mixture being used for finug ‘ Koyaetn I' 




open hearth steel furnaces and the fake The (motor epirit) 
maximum economy, however, can only be ‘Aogosin //’ 
effected in self contained works in which coke (motorepint) 

30-m 

62 

50 

>200 

23 

10 

ovens, blast furnaces and steel works are con Hard and soft 
centrated on the same site For a more detailed waxes 
devclonmcnt of this subiect. see W A Bone and 

- 

11 

- 

G AV Himus, Coal Its Constitution and) 


Uses 1936 The principal fraction Kogasin I, consists 

Liquid Fuels from Coal — Liquid fuels may mainly of paraffins and hence has a low octane 
be derived froiq coal m several ways as indicatM number but by treatment uith 0 8 ml lead 
m the scheme on p 360 tetraethyl per litre the octane number maj be 

(1) By carbonisation at high or low tempera raised to 78 which is that of Ethyl spirit 
tures between 2 and 3 gallons per ton of low The heavier oil by reason of its high paraffin 
boiling spirit suitable for use m spark igmtion content is ideal for Diesel engines It ts reported 
internal combustion engines are obUini^Ie by that lubricating oiU are obtainable from the 
fractionating the tars and scrubbing the gases highest boiling and intermediate fractions bj 
the low temperature tar is suitable for u«6 as suitable treatment. A Pisclicr idant to make 
fuel oil although its calorific a alue is appreciably 25 000 tons of petrol per annum was started in 
lowcrthanthatoffueloilderiTcdfrooipetroleum April 1936, for the Braunkohlc Benzin A G at 

0 f't'P neJ par sa cc<jsf\9red voSb JJ-vh-daod usd .v? ts l>e ujte.odad to 

oaer 10 000) On the other hand low tem make 150 000 tons jer annum brown coal 
pernture tar maj be hydrogenated to give about briquettes being used m the producers while the 
80% by volume of motor spint and 20% by Rheinpreussen Co at Homberg (Rhineland) ore 
a olumo of Diesel oil to make 30 000 tons of petrol per annum from a 

(2) By hydrogenation, this subject will be mixture of coke water gas and coke oven gas 

treated under ‘ Hj drogenation of Coal Further information on the subjects dealt with 

(3) An alternative method of producing hqiud in this section may bo obtained from pipers by 
fuels from coal which is attracting a go^ deal K Gordon (J Inst Fuel 1935) and i lischer 
of attention is that known as the Fischer (i6id 1936) 

Tropseh’ process which operates at atmospheric LUerature — J Percy, Metallurgy Intro 

pressure The process consists in syTithesising duction. Refractory Alatenals and h iicl J 
aliphatic hadrocarbons from water gas or a Murray, I^ndon 1876 E J Mills and I J 
gaseous mixture containing carbon monoxide Rowan Fuel and Its Applications J and A 
and hydrOocnin theratioofl/2 Suehamixfure <3iurchill London, 1889, J S S Brame end 
max be obtained b\ blowing a water gas gene J G King Fuel Solid, Liquid and Gaseous, 
ritor with 10 cu ft of coke oien gas per lb of b Arnold London, 1035, W A Bone and 
steam which giies a gas containing Hj 60 O llimus Coal, Ita Constitution and Uses, 
CO 30 Nj and other gases lO^oi 330 cu ft Longmans.Grccn & Co , London 1936, F Frd 
of coke oven gas and li lb of steam are used mann and M Dolch, “ Die Chemie der Braun 
for every 1,000 cu ft of gas produce*! The kohle 1927, R T Hashm and II P Rus-'cll 
pas must Ihs purified from dust H.S and finally IiielsanI riioir ConiFustion’ ^FeCraw Hill 
Jrom organic eulphiir which uFiou! I not txceetl ItookC* J«ew^ork 1926, (i M Ilimus, 1ml 
02 g i>er 100 cu m (0 0S7 prams jtcr cu ft) Itsting l./s)nanl llill I/ondon 1932 M 
The gas is passed through a reaction chatnbtr Gibson, Coal in Great Britain,’ E Arnold, 
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1889, 45G, 52G), on matenal dried at 10(F inth 
a loss of 27 47% water , 13 33% of all the solid 
constituents, except silica, are soluble in acid, 
III, jellowish fuller’s earth from Nutfield 
Surrey (P G Sanford, 1889), on material dried 
at 100® with loss of 29 5G% water , 10 73% 
solids, soluble m acid, IV, from Attapulgos, 
Georgia, USA (P F Kerr, Amer, Min 1937, 
22, 543) , V, from Martvili, Georgia USSR 
(A A Tvaldchrehdze, Bull Univ TiAis, 1923, ' 
2, 334 , Mineralogical Abstracts, 192C, 3, 68) , 
VI, from Tehachapi, California (P F Kerr and 
E N Cameron, Amer Min 1930, 21, 235) 
Later analyses and base exchange data by 
Brammall and Leech {I e ) 



Fuller’s earth occurs as beds m sedimentary 
rocks* belonging to various geological periods 
rangmg from the Silurian to the Eocene The 
most important deposit m England is a bed 
8-12 ft in thickness l^ing between sandstones 
m the Loiier Greensand division of the Cret 
accous system This is worked in open pits at 
Nutfield and Bedhill in Surrey Nearer the 
surface, where oxidised, it is yellowish, but lower 
down it is bluish in colour In Somersetshire, 
Gloucestershuv and Dorsetshire, the “ fuller a 
earth formation ’ of geologists, lying between 
the limestones of the Great OoLte and the I 
Inferior Oolite, consists of a thick deposit of 
clays a*nd marls, with beds 2 3 ft in tiuckness 
of fullers earth of good quahty This was 
formerly extensively worked for use in the doth 
mills of the w est of England, but now is obtained 
only on the Downs to the south of Bath Still 
smaller quantities were formerly yielded by the : 
Lower Greensand strata near \\obum lo Bed 
fordslurc On the petrography of English 
fullers earth, au E F Newton, Proc Gcol 
Assoc 1937,48,175 

For many years the Engbsh fullers earth 
was consider^ the best, and until recently 
large quantities were exported to Anienca 
Dei>03its hare now Ijeen opened up at several 
places in the United States, chiefly in I londa, 
and to a lesser extent m Geoi^is, Alabama 
Arkansas and Cdifomia In Gadsden Co, 
Honda it occurs as a bed 4-12 ft in thickness 
in bedded clays and sandy clays of Obgocene 
(Tertiary) age Amencan and Caucasian occur 
fences aro often associated with volcanic rocks, 
and it IS suggested that, together with bentonite. 


the material has originated by the decomposition 
of a glassy volcanic ash Small outputs are also 
recoMed from India and Australia (Wingen 
New South Wales) 

The Enghsh output amounts to about 15,000 
tons per annum, whilst double this quantity is 
now obtained in America The price at the pits 
ranges from 25* to £2 per ton The earth as 
dug IS dried, crushed and passed through finc 
sicves of silk or bronze gauze 
Although still used for cleamng clotlis, scouring 
yams and washing woollens and fine dyed goods, 
fuller’s earth now finds a more extensive use m 
the refining of oils, grease and lard Jlineral 
oils are decolonsed and clarified by allowing the 
oil to percolate through long cylinders filled 
with coarser fuller s earth Vegetable oiU such 
as cotton seed oil, are wanned, stirred with 
6—10% earth and filtered through bags The 
mam pomts to be determmed in the valuation 
of the earth m the oil industry are the relative 
bleaching pow er and the quantity of oil absorbed 
For a method of testing fuller s earth for these 
factors, aee Richert, Ind Eng Chem 1917, 
9, 699, Analyst, 1917, 42, 340 Fullers earth 
has also been used m the manufactureof pigments 
for prmtingwall papers Small quantities of the 
finest grades are used for toilet preparations 
litfertnces — J T Porter, Properties and 
Tests of Fuller B Earth, U S Geol Survey, Bull 
316, 1907, H Eies, "Clays their Occurrence, 
Properties, and Ubcb,’’ 3rd ed , New York, 1027 , 
C L Parsons, U S Bureau of Mines Ball 71, 
1913 Fullers Earth,’ Imp ^Ln Res Bur 
London, 1920 

L J S 

FULLER S EARTHS (i \o1 IV, 247) 
“FULLPULVER" -02 (V Vol IV, 4078) 
FULMlNATESfv IV, 635cf) 

FULMINIC ACID (Ger KnalUaun) 

C NOH 

The acid has not been obtained in a free state 
Scbolvien (J pr Chem 1885 [u] 32, 401) 
obtained an ethereal solution of the acid by 
treating sodium fulminate with dilute sulphuric 
acid, keeping the mixture cool and dissolving 
the yellow oU thus obtained in ether VV’ieland 
and Hess (Ber 1909, 42, 1346) have confirmed 
this statement, and found that the acid rapidly 
polymerised to metafulmmuric acid {v tnfra) 
Howard first showed that when silver nitrate 
or mercuric nitrate was treated with alcohol 
andexcessofnitnc acid, a crystalline, detonating 
precipitate, fulminating silver or fulminating 
mercury, was obtamed Analyses of these sub 
stances (Liebig, Ann (^ira Phys 1823, [uj, 24, 
312, Annalen, 1838,27,133, Liebig and Gay 
Lussac, Ann Chim Phys 1824, [ii], 25, 28o, 
Divers and Kawakita, J C S 1884, 45, 17) show 
that they aro salts of an acid possessing the 
formula HCNO The constitution of this acid 
lias given nse to much discussion Berzelius 
wrote fulminating stiver ns 

AgjO (AgN), C^NjOj 

Thu formula accounted for the fact that in many 
of its reactions only half of the metal is separated 
also that the double fulminate of potassium and 
silver detonates as violently as fulminating silver 
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iiseE, the detonatioii being attributed to the de- 
composition of the group AgN. Laurent and 
Gerhardt next proposed the constitution 
C 2 N(N 02 )Ag,, assigning the explosive nature 
of the body to the presence of a nitro group, and 
the subsequent experiments of Kekule (Annalen. 
1S57, 101, 200 ; ISoS, 103, 279) and SchischkoS 
(ifjsd. 101, 213) apparently confirmed this view. 

Later Kekide formulated folminic acid as 
nitroacetonitrile, CH„(NO^CN. He based this 
formula chiefly on two reactions which fulminic 
acid undergoes. When mercuric' fiilminate is 
treated with sulphuretted hydrogen, ammonium 
thiocyanate is produced, and with aqueous 
hydrochloric acii hydrosylamine is the main 
product. The production of ammoninm thio- 
cyanate suggests that in fulminic acid there is 
a (CN) group, and that the two nitrogen atoms 
are in different states of combination, which 
facts fit in with the formula proposed. But of 
the two nitrogen atoms only one is represented 
as oxidised and capable of conversion into 
hydroxylamine. whereas Divers and Kawafcita 
(J.C.S. 1SS4, 45. 16) have shown that both 
atoms of nitrogen are so convertible. Schisch- 
kofi^ (BuH, Sac. chim. 1S60, [ii]. 2, 294) doubted 
Keknle’s formula. Steiner proposed 
HO-N:C:C:N-OH 

ss the correct configuration (Ber. 1S76, 9, 779) ; 
and SehoU formulated fulmimc add as glyoxime 
peroxide 

CH:N-0 

I i 

CH:NO 

In 1S94 Xef found that on treating sodium 
nitromethane with mercuric chloride, mercuric 
fulminate was produced, and, moreover, that 
sodium nitromethane, on treatment with 
aqueous hydrochloric acid, decomposed into 
formic add and hydroxylamine. as does fulminic 
acid (r. supra). On these grounds Xef formu- 
lated fulminic add as carbonyl monoxime, 
C:NOH, and represented the production of 
mercuric fulminate from nitromethane as 
follows ; 

CHjNO, CH2;NO-ONa 

Pseudo-modifi cation. 

(CH.:N0-0).Hg 

Unstable. 

(C:NO)2Hg 

The explosive character of the fulminates is 
accounted for by the presence of bivalent 
carbon in the molecule. It wns an old observa- 
tion. first recorded by Liebig, that when mer- 
curic fulminate was treated with hydrochloric 
add of a certain strength, prussic add was 
evolved, and this fact was long used to support 
the nitroacetonitrile formula for fulminic add. 
But Xef showed that the compound formed w.as 
not prussic add. but chloroformaldoxime, a com- 
pound possessing an odour similar to that of 
prussic acid. 

C:NONa-i-2HCI=CHCI:NOH-!- NaCI 

Hydrochloric add converts chloroformaldoxime 
into hydroxylamine hydrochloride ; sodium ' 
hydroxide regenerates a fulminate pTef, Annalen, j 
ISOi, 280, 263, 305). Moreover, nitroaceto- 1 


nitrile has been prepared by removins the ele- 
ments of 'w.ater from methazoific acid. 
C 2 H, 02 N 2 . and is found to have none of the 
characteristic properties of fulminic acid (Stein- 
kopf and Bohimann. J. pr. Chem. 1910, [ii], 81, 
97, 193; Ber. 190S, 41, 1044). Scholl (ibid. 
1S99. 32. 3492) applied Friedel and CVaft':, 
i reaction to fulminic acid, and found that on 
gently warming mercuric fulminate with benzene, 
aluminium and aluminium chloride, benzal- 
doxime is produced, a further confirmation of 
XeLs catbom'Ioxime formula. Angelico (Chem. 
Zentr. 1901, II, 404) obtained fulminic acid by 
treating a solution of mercuric nitrate in excess 
of dilute nitric acid with a concentrated solution 
of malonic acid and a few drops of sodium nitrite 
solution. The course of the reacrion is as foUowa : 

CHi(COOH)2 -V C;N0H(C00H)2 

ijoXitrosoir.alonic .aciJ. 

— C(:NOOH)(COOH)2 
isoXitionialonic acid. 

-j-CH(.-NOOH)COOH 

iroXitroacetic acid. 

-> CHstNOOH -V C:NOH 
ifoXitroniethane. 

Wieland and Semper (Ber. 1906, 39. 2522) have 
shown that phenyhnethylnitrolic acid readily 
decomposes into nitrous acid and the unstable 
benzonitrile oxide. 

,NOH 

CPhtf -V HNO„-fPhC':N:0 

Hence, if a similar decomposition occurs in the 
case of methyl nftroh'c acid, the hitherto un- 
sown nitrile" oxide H-C;N:0 or the products 
of its decomposition would be obtained. Wie- 
land (l.c.) has shown that the products of the 
decomposition of methylm’troh’c acid are ful- 
minic acid, formic acid and hydroxylamine, 
the decomposition being analogous to that of 
chloroformaldoxime. The imstable nitrile oxide 
is probably formed first and then undergoes an 
Lomcric change into fulminic acid. 

Wohler (ibid. 1905. 38. 1351) has determined 
the molecular weight of fulminic acid by means 
of the sodium salt, which can be prepared in a 
pure anhydrous state by the action of sodium 
amalgam’ on mercury' fulminate suspended in 
alcohol. The numbers obtained by the cryo- 
scopic method and by determhiing the equivalent 
conductivities of ^ufe solutions correspond 
closelv with the numbers required for the mono- 
molecular formula C:NONa. 

In the ordinarv method of preparing ful- 
minates by the oxidation of ethyl alcohol, the 
foUowinc chances are supposed to occur (Wie- 
land, Ber. 1907, 40, 418) : 

CHj-CH.-OH — CHj-CHO 

AldebvJe. 

--CH(;NOH)CHO 
-iXuy'itro'ivKxt.al id!} J-. 

^ CH{:NOH)-COOH 
I'oXitrc-oaretic aci i. 

-V N02 C(:N0H) C00H 
tio an'ri. 

-V NOyCHrNOH -C: 

yUtiijSr.itn'Kc a. 54. 
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The experimental evidence m favour of the 
above hypothesis is as follows \^ohler and 
Theodorovits (Ber 1905, 38 1345) found par 
aldehyde to be a more suitable agent than alcohol 
for the preparation of fulminates, and the for 
mation of methvlnitrohc acid from tsonitroso 
acetic acid has been accomphshed by Ponzio 
(J C S 1903, 84, I, 453), Wieland has prepared 
mercuric fulminate from raethylmtrohc aad {w 
supra) , and lastly by treating fiilminic acid with 
nitrous acid, Palazzo (tbid 1907, 90 I, 489) has 
obtained metliylnitrolic acid as one of the pro 
ducts of the reaction 

The older view of Kekuld as to the constitu 
tion of fulminic acid has now been finally 
abandoned, and the carbonyloximo formula of 
Nef has taken its place 

Hodgkmson (JSCI 1918, 37, T190 has 
pomted out that mercury fulmmate cannot be 
formed m the absence of mtrous acid or a mix 
ture of nitnc ozide and nitrogen peroxide , he, 
therefore, represents the formation and constitu 
tion of fulmmic acid by the equation 



Halogen derivatives —The addition of 
halogens to free fulmmic acid prepared in situ 
afi'oids the following additive products m good 
yields CCIt NOH, b p 45712 mm , 

CBr8N0H,H,0. 

mp 40°, CBr.NOH,mp 68-9° (Me ester 
by CHjN. bp 189-141°). CI.NOH.H.O, 
mp 62®, CIjNOH, mp 69°, the chloro 
compounds are the moat and the lodo compounds 
the least stable The initial producte of the 
decomposition by heat of these substances 
(130°, 80° and room temperature respectively) 
are the halogcnocyanogens and hypohalous 
acids 

Mercuric fulmmate or fulminating mer- 
cury (v Vol IV 536) 

Silver fulminate. Fulminating silver 
C NOAg 

In preparing this substance 1 part silver is dis 
solved in 20 parts nitric acid of sp gr 1 36 and 
27 parts of SC^q spirit of wine added, and 
the whole gently heated until frothing sets in 
The liquid is then removed, and 27 parts or more 
of spirit added in order to moderate the action 
Silver fulminate separates out on coohng 
(Liebig, I c , cf Nef Annalen, 1894,280,308) 
Stiver fulmmate is not formed, as was stated 
by Liebig (Annalen, 1833, 5, 287), when nitrogen 
tnoxide is led into an alcoholic solution of 
sQver nitrate (Divers and Kawakita, JCS 
1884, 45, 27), but is only produced by the 
energetic oxidation of alcohol by nitnc acid In 
preaence of ether nitrate Great cantion must 
be exereisotl m the pn-paration of this substance 
Capaaous «lioul(I beuted, to prevent the 

liquid boilini. o\er and the formation of a 
Lfust of the (Jr^ cvplosne salt on the outside, 
all flame must be kept at a distance, lest the 
sapours should take fire, and the nuxtnrei 


should bo stirred with wooden rods The dry 
salt should be transferred on paper shov^, and 
kept in paper or cardboard \es9cls, loosely 
covered, to prevent explosion from friction 
Sdver fulminate crystalhses in white opaque 
glistening needles, scarcely soluble m water, and 
having a bitter mct&Uic taste 
Sdver fulmmate is an exceedmgly dangerous 
body, as it explodes much more Molently than 
the mercury salt, by the action of heat by the 
electric spark, by fnction or percussion, or by 
contact with sulphuric acid It even explodra 
in the moist state, sometimes under water, by 
' ifriction with a glass rod It may be rubbed to 
powder in a mortar with the finger or with a 
cork The hght accompanying the explosion, 
which is beat seen in the dark, is reddish white 
with a tinge of blue (Liebig) When ignited 
under a pressure of about 2 or 3 mm , it bums 
slowly with a visible flame If silver fulminate 
be tl^wn into a bottle containing chlorine, it 
deflagrates before it reaches the bottom, and 
does not fracture the bottle (E Davy) Silver 
fulmmate dissolves in hot aqueous ammonia, 
and the solution, on cooling, deposits crystalline 
grams ofammomum silver fulminate 
I (C NO),{NH4)Ag 

This salt IS sparingly soluble in water, and et 
plodes with much greater violence than the 
silver salt, even urjder liquid, when touched with 
a glass tod (Liebig) Aqueous solutions of the 
hydroxides of the metals of the alkalis or alkahne 
earths, or of the sulphides or chlorides of the 
alkalis, yield similar double salts when boiled 
with edver fulmmate Copper or mercury can 
displace silver whoDy or in part from silver ful 
mmate Zme, even on boiling for several days, 
displaces only half of the silver, forming silver 
zme fulminate The normal zme salt is pre 
pared by the action of zme on mercuric ful 
mmate By acting on this salt with baryta 
water, and exactly precipitating the barium from 
the zme banum fulmmate thus produced with 
sulphuric acid, zinc hydrogen fulmmate is ob 
taJKKd By this salk with, metallic 

bases, many double salts of zmo fulminate aro 
obtamed 

Sdver fulminate with triphenylmethyl chloride 
m benzene gives triphonylacetonitrile oxide, 
CPh, C NO, mp 153°, which with HCl 
gives tnphenylacethydroxamyl chloride, 
CPh, CCI N OH, m p 178-180° OViehnd and 
Rosenfold, Annalen, 1930, 484, 236) 

Cadmium fulminate, Ca(CNO){ isa\vhite 
powder, stable when dry, but readily decom 
posed by water, in which it is very soluble It 
IS one of the most violent explosives, and is 
nearly as sensitive to shock and heat as mercury 
fulmmate Thallous fulminate becomes 
yellow on exposure to light, and is the most 
susceptible of all known fulminates to shock and 
mcreased temperature, but the heat of detonation 
isnot high and its explosion is not violent 
Cuprous fulminate is insoluble m water, nn<l 
13 almost as violent an explosive as ladmiiiin 
fulmmate, nlthou^h not so sensitive to slunk 
(L WShlcr and Martin, Bcr 1917.60.530) 
Fulmmic acid gives rise to a senes of poly* 
znensation products (f I ULvii’stJiiio Acids) 
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Solution treated with 
lead acetate and 
ammonia 

Precipitate decomposed 
with Bulphurlc acid in 
50% alcohol and solu 
tion fractionally preci 
pltated with harlum 
hydroxide 


Precipitate''>Ga(iof*n 


First fraction Second fraction In aolullon 
RiAerythne acid RithiadiiMnvm A$pentlo»ide 
terogide 


coHoidal palladium and hydrogen in cold dilate 
aqueous solution, the sugar residue being 
temoTed m the process This reaction, together 
with the fact that gahosin resembles mnnjistin 
and lanthopurpunn (VI) m its colour reactions 
and dyemg properties, indicates that tie sugar 
residue is m tie 1 position 



Oahoain, C2sH2aOx6>3H jO, was isolated from 
Bubia hnctorum, Ji pertgrina, Qahum verum and 
0 mollugo, and its cbaracteriatic colour reactions 
were given by the other speciea from which ^ 
purpuiin 3 caihozyhc acid was obtained It 
forms yellow nee^es which decompose above 
100’ and dissolve in dilute alkalis with a deep 
orange coloration 

Galiosin is extremely unstable and is dec 

E osed, for example, on standmg with cold dilute 
ydrochlonc acid or sodium carbonate solution, 
or by boilme for a few hours with either alcohol 
or water When hydrolysed under very rodd 
conditions with dilute acid, it yielded purpurm 
8 carboxylic acid and a disaccharide identided 
as pnmeverose (6 ^ d xylosido d glucose) The 
constitution of the sugar was established by 
bydrolysmg it to glucose and d{+) xylose 
The structure of the aglycone, putpunn 3 
carhoxyhc acid, was counirned by synthesis 
Condensation of purpunn with formaldehyde in 
the presence of eulphunc acid at SO’ yields 3 
bydroxymethylpurpunn (IV) which is con 
verted into purpurm 3 carboxylic acid (I) m p 
218-220’ (decomp ), by oxidation with mtroso 
flulphunc acid m the presence of bone acid at 
148’ 


Rvberythne acid, CjsHgeOjj HjO, mp 257’, 

I tbe glycoside of alizarin (v Vol I, 216c) 
iJitbtodvn pnmct3cro«uIc — In addition to gaio- 
sin, the roots of Galium terum contain a con 
sidfitablfl amount (0 14% of the fresh roots) of a 
rubiadm glycoside, CjeHggOis pale yellow 
parallel sided plates, m p 248-250’ Very ittle 
ahzarm glycoside is present m this plant 
When boiled with 0 sulphuric acid for 
6 hours, the rubiadm glycoside yielded d(+) 
xylose and a product, yellow needles m p 268°, 
which proved to be identical with the lubiadin 
3 glucoside isolated by Schunck and March 
lewski (J C S 18B3, 63, 969, 1137) from madder 
Since the ruhiadin glycoside gives red salts with 
alkalis, it IS evident that one hydroxyl group 
in the anthraquiDone nucieus is free, and there 
fore the pentose is attached to tbe glucose as a 
disacchande By analogy with galiosm it u 
probable that this i(+) xylosido glucoside is 
also a pruneveroside • 


CO 


NO C,H,oO« O CjHjO. 

JcH, 



VI 


Gaiosm is reduced to rnunjutin (V) under j 
extremely mild conditions, e p by treatment with I 


Bubtadin prlmeveroslde 

Rubiadm pnmeveroside was also isolated from 
Oalium mollugo 

Smee gahosm, ruberythne acid and rubiadm 
pnmeveroside are hydrolysed by the enzymes ol 
Pnmula o^einalia and F vuigarta, it is con 
eluded that the sugar residues are attached to 
the Bglycones by linkages of the normal p 
glucoBicuc type 

Afiptruloaida waa recognised by tbe green 
colour produced on boihng with acid This 
glucoside, isolated by H4nssey (J Pharm Chim 
1925, [vuj] 2, 177, Compt rend 1925, 180, 
1695, 1926, 182, 865, 1927, 184, 1674) from 
Aaparula odorata, Galium apanne and 0 verum, 
forms colourless needles, m p 126-127’, foJo 
—204 4’, HI, 410 By hydrolysis with acids or 
emulain, it yields 43-45% of dextrose and a 
brown precipitate of a decomposition product of 
the unknown aglucone (aapervhgenol) Hdnssey 
(BuD Soc Chim bioL 1926, 8, 1208) considers 
that aspemloside is probably identical with the 
rubichlonc acid obtained from madder root by 
Rochleder (Annalen, 1851, 80, 321) 

A G P and E J C 
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GALIOSIN, r. Gauot. 

GALIPJNE, GALIPOLINE. GALI- 
POIDINE (p. ToL m, 4Jo2d, 463a). 

GALLACETOPHENONE, 

CjHj(OH),-CO-CH,, 

Made bj cozidsnsation of prrogallol and acetic 
scad. Has been used as a mordant dyestuff 
under tbe name of Alizarine Ydloic C. 

GALLIC ACID, Z-.izS-TrifiydTcc^enzmc 
acid, CgHj{OH)jCOOH, diHcoTered l^Sciieels 
in 17£6 aiid its struct Eire elncf dated in 1834 1^ 
Pelonze (Ann. cMnu Phys. 1833, [lil, 54, 350"; 
Annalen, 1834, 10, 153), occnis trfdely distri.- 
birted in many plants ricli in tannfn and as a 
prodncr of fermentation (Frendenbeig, “Die 
Cnemie dsr matSrlichen Gerbstoge,” Berlin, 
1920 ; E. Fiscber et al^ Ber. 1912, 45, 929 ; 1914, 
47, 2495; 1918, 51, 1772; 1919, 52 [B], 183). 
Thus, for example, it may be obtained from the 
Aleppo gaH (Dize, Grea’s J. d- Physifc, 1793, 7, 
401); fesm the acorn of Qturcae aeailops L. 
(Stenhoase, Annalen, 1843, 45, 15) ; from tdlloTr 
bark (Potramin, Exassia and Potramin, Chem. 
Zentr. 1914, 1, 1510) ; from the leaves of Cariaria 
japardca A, Gray (17. T. Kariyone, KL Kasin-agi 
and S. Mimtani, J. Pharm. Soc. Japan, 1937, 
57, 182) ; from Chinese tea (Hjasfvetx andMalin, 
■Annalen, 1857, 142, 234) ; as the methyl ester 
from the fhd t of Czeal.pir.ia hrtvifdia B afTT- 
(htierenstein- Chem. Zentr. 1905, H, 527) ; from 
the bai± of Hamarrjdie rirgir.iea L. (GrSttner, 
Arch. Pharm. 1893, 236, 293) and from Chinese 
galls (Feist and ^tm, C'hem.-Ztg. 1912, 36, 
1202 ). 

It is obtained from tannin, by I^drolysis and 
bv fermentation (Eierenstein, Chem.-Ztg. 1909, 
33, 123; Ber. 1910, 43, 623; Sisley, BoIL Soc. 
oni-m- 1909, pr], 5, 730; Strecker, Annalen, 
1852,81,249; 1854,90,331; Fembach, Compt. 
rend. 1900, 131, 1214 ; Grottner, Arch. Pharm. 
1893, 235, 313). It has been formed by heating 
3:5.dibroniA-hydro3ybenzoic add rrith barnim 
hydroxide and vrater at 175^ (Bayer & Ca^GiP. 
249939, Chem. Zentr. 1912, if, 655). 

Preparciion . — GaHic acid is pr^ared by the 
monld fermentative fission of t anni n (Scheele 
and Steer, J.C.S. 1855, 8, 482). WiEstein (ihid. 
18-53, 5, 435) recommends an addition of yeast 
for the of Chinese galls. The add may 

be isolated from the mother liquor as the lead 
salt (Heinemanij, Chem. Zentr- 1901, II, 1285). 
M. Xazarento (J. AppL Chem. Enssia, 1937, 10, 
163) gives a method for obtaining the add in a 
70^0 yield by hydrolysing the aqneons extract 
of taanin-containing plants vith NaOH. The 
technical methods of preparation are dis- 
cussed bv E TaHno (J. Pharm. Soc. Japan, 1929, 
49, 1-59). 

Pr.yrical Pmpvtiee . — Gallic add exists in tvo 
polymorphic forms (E, Lmdpaintner, 3Iikro- 
chem. 1939, 27, 21). Is is soluble in 3 parts of 
boiling vrater ; 132 parts ~ater at 12-5^ ; 4-5 
parts absolnte alcohol; 40 parts ether; 3-4 
parts acetone and 12 parts ethyl acetate; 
insolnble in chloroform and benzene (Rosenheim 
and Schidrovitz, J.C.S. 1S9S, 73, SS2). It cry- 
stanises from vrater in monoclinic prisms vith 
1 HjO vhich it loses above lOO" and melm at 
235—240' (Perkin and VTocd, ibid. 1895, 73, 376; 

Tom r.— 27 


S. Hirano, J. Soc. Chem. Ind. Japan, 1939, 42, 
SnppL binding 26). d^ soh'd, 1-694 (Schroder, 
1879, 12, 1612; 1880,13,1074). Electrical 
dissociation constants by potentiometrio titra- 
tioii and corrected for interionic attractions 
Ki=4-63xl0-S; K3=l-4IxlCr’ at 30’ (C. 
Abichandani and S. Jatkar, J. Indian Inst. Sd. 
1938, 21A, 417). The acid is distinctly tetra- 
basie, as shovn by electrometric titration (S. 
Sr mthank a r and S. Jatkar, ibid. 1938, 21A, 209 ; 
Hans Schvreitzer, CoIIeginm, 1933, 149). Eaman 
spectra (B. Snsz, S. Fried and E. Briner, Helv. 
Chim. Acta. 1936, 19, 1359). Excbange experi- 
ments -with heavy frater (F. AlSnzberg, Z. 
physikaL Chem- 1936, [B] 23). Effect of 

colloids on the solnbility in vrater (L. Steen- 
hmsen, Pharm. TTeekblad, 1930, 67, 1269). 

Cheviical Properties. — Gallic acid decomposes 
into COj and pyrogaHol by dry distillation 
(Bracannot, Annalsu, 1832, 1, 26 ; Pelonze, ibid. 
1834, 10, 159 ; lieh^, ibid. 1857, 101, 48) ; by 
heating vrith 3 parts vrater underpressure at 200’ 
(D e Lnynes and Esperandien, Compt. rend, 1865, 
61, 489) ; by heating vith glycerin (Thorpe, 
Pharm. J. 1881, [iiil, 11, 990), or -Bith 2 parts 
aniline (Cazeneuve, BnIL Soc. chim. 1892, [m], 
7, 549 ; 1896, [ui], 15, 72 ; von Hemmelmayr, 
Alonatsh. 1911, 32, 790 ; 1913, 34, 372). 

Oxidation. — An alkaline solrrtion of gaDio add 
absorbs oxygen from the air, forming a dark red 
solution (Bfickner, Annalen, 1815, 53, 369 ; Lie- 
big, ibid. 1851, 77, 111; Tankel, Z. angesv. 
Chem. 1903, 16, 391 ; Schevket, Biochem. Z. 
1913, 54, 277). In the p^ence of air, at —5~ to 
-J-5® end 2-3 moL of alkali, gallic add forms gaHo- . 
Savin (Bohn and Graebe, Ber. 1887, 20, 2328). 
GalKo add on oxidation Bith nitric add (Schiffer, 
ibid. 1892, 25, 722); chlorine, or CuSO^ and 
alkali yields oxalic add as the main prodnot 
(Bottinger, Annalen, 1890, 257, 248; 1890, 
260, 337 ; Bfetn'x, Compt. rend. 1896, 122, 1545); 
vrith cone. Enlphriric acid l:2:3'.5:6:7-HeiB- 
droxy anthraqnincme (mfigallic add) is ob- 
tain^ (Eobiqnet, Annalen, 1836, 19, 204). 
EOa gic add is the product obtained by oxidising 
Bitb pers u lphates in the presence of acetic and 
sulphuric adds (Perkin, J.CB. 1905, 87, 1412; 
1906. 89, 252); vith KMnO«-fHjSO^ (Oser 
and FIo^ Ber. 1876, 9, 135) ; vith 

Fej(SO,),-r-HsSO, 

(Bleuler and Perkin, J.CB. 1916,109,541); Bith 
iodine and B'ater (Griessmayer, Annalen, 1871, 
160, 55); and Bith KCIOf-f HCI (Baschiye-, 
Chem. Zentr. 1910, L 1011); Both hydrogen 
peroiidB it yields aconitic add (Kariyone, 
KasiBngi and Alizutani, J. Pharm. Soc. Japan, 
1937, 57, 182). With ferric salts the oxidation 
■pzadact forms a black blue predpitate (BarresBil 
Compt. rend. 1844, 17, 739; 1844, 17, 1064; 
Wackenroder, Annalen, 1840, 31, 78 ; Arch. 
Pharm. 1841, 77, 269). PupurogallincarboxyL’c 
add and in some cases fiavellagic acid are 
obtained by electrolytic oxidation of galL'c add 
(A Peridn'and F. Perkin, J.CJS. 1964. 85, 245; 
1963, 93, IIS6). 

Bedactior .. — Gallic add is only appreciably 
reduced in alkaline solution, benzoic add being 
produced (Guignet, Comnt. rend. 1891, 113, 200; 
Gardner and Hodgson, ‘j.CK. 16-99, 59, 1819). 
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Halogtnalion — Chlorination in c^oroCorm 
yield a miT tnre of dichlorogallic acid and tn 
cliloropjTXigaUol (Bietnx, Bull Soc chim 1896, 
[lu], IS, 9M) Both mono and di hromogallic 
acid are produced by brommation under vanons 
conditions (Hlaaiwetz, Annalen, 1857, 142, 250; 
Gtimaux, Compt rend 1867, 976, Bi4tnx, 

Bull Soc chim 1892, [m] 7,412, 1893, [m], 9. 
241 , £tti, Ber 1878, 11, 1882] lodme acts 
as oxidant (aee ahoie) 

Gallic acid condenses \nth many aryl hydrox} 
compounds (Noelting and Meyer, iftid 1897, 80, 
2591 , Graebe and Licheiigrun, Annalen, 1892, 
269. 313, GP 49149), while HCHO in the 
presence of HCI yields four different 2 2 
methylene digalhc acids (Mohlau and Kahl, 
Ber 1898, 31, 259, Kleeberg, Annalen, 1891, 
263, 285, Nierenstein and Uebster, Ber 1908, 
41, 81) Gallic acid may be succes^nUy accty 
lated to triacetyl gallic acid with either acetyl 
chloride or acetic anhydride (Schiff, Annalen, 
1872,163, 210, Bottmger, Ber 1884.17,1603, 
Sisley, Bull Soc chim 1894, [m], 11, 665, 
Reychler, Chem Zentr 1903, I, 1042 , P 
Chattaway. J C S 1931,2495) 

Gallic acid and its dcrirativea undergo con 
densations with nitrosodialky lanilmes (tWl I, 
267. 11,158,167. IV, 48o, 506, Chem Zentr 
1910, I, 391 , Houben, Ber 1913, 46, 3992) 
and u ith qumonechloroimine (Chem Zentr 1912, 
I, 180) to form dyestuffs of the oxazine or gallo 
oy anioe groups It also condenses with o nitroso 
naphthou or o ammonaphtbola to form brown 
dyestuffs used in taonmg (Frdl IV, 504) 
Detection and Eatimahon — For colour re 
action with iron salts, eee Chtmteal Pro 
pertiea, also ^^eioland and Bmder (Ber 1912, 
45, 161) In presence of cone sulphuric acid, 
alkaloids containmg a methylene dihydroxy 
group exhibit a blue or green coloration on 
an alcoholic solution of gallic acid (Labat, BuU 
Soc chim 1909, [it], 5, 742) A solution of 
KCN [1 30] produces a ruby red coloration 
(Qriggi, Boll Chim farm 1898,38,5, Sanchez, 
Bull hoc chim 1911, [iv], 9, 1058) Analkaline 
lead eolation shaken with galho acid in the 
presence of air produces a red colour (Spica, 
Gazzetta, 1901, 31, II, 206), but if the lead is in 
excess the colour is green (Schewket, Biochem 
Z 1913, 54, 280) For further colour reactions, 
see J Quastel (Analyst. 1931. 56. 311), S A 
Cebi (Rev Centro cstud farm y bioquim, 1928. 
16, 642) and Bottmger (Annalen, 1890, 256 
341 , J S C I 1890, 9, 450) A nucrochemical 
reagent consistmg of formol and HCI gixes a 
micro ciystallino solid with gallic acid (L Rasi 
and S Celsi, Anales farm bioqufm, 1931, 2, 
40) Assay for punty of gallic acid is given m 
“ Deutsches Aizneibuch,” 0th ed , Berlin, 1926. 
20 

Gallic acid has been estimated by the lodo 
metric method (Gardner and Hodgson, Proc 
Chem Soc 1903, 24, 273, Dabvi, J Indian 
Inst Sci 1031, 13A, 103, Spica, Gazzetta, 
1901, 81, 11 , 201 , llamack, Arch Pharm 1896, 
234, 537 , Buchner, Annalen, 1845, 53, 637 , 
Hinsdale, Chem News, 1891, 64, 51, Dreaper, 
JSCI 1693. 12, 412, Chem News, 19(M, 
90. Ill, Jean. JSCI 1900, 19, 382), by 
precipitation as bismuth subgallate (M Husch, 


Qiem Ztg 1927, 51, 718), by using Nessler s 
reagent (SI Goswami and A Shahs (J Indian 
Chem Soc 1937, 14, 20S), by neutralisation 
with alkah (Procter and Bennett, JSCI 1906, 
25, 261) 

Salts of OaUtc Ac%d — Gallatea of the metals 
ate in general produced by the reaction of galht 
acid with an oxide or hydroxide of a metal with 
a higher atomic number than 21 (Hans Schmidt 
(to Wmthrop Chemical Co) USP 1889383, 
Not 29. 1933, Buchner, Annalen, 1845, 63, 
175) “ Dermatol," g t , is bismuth subg^ate 
and " .4iroZ,” g v , is bismuth oxi lodo gallate 
‘^Oallogen (gaUoZ),” is the alununium salt and 
used as an antiseptic astnngent 

Vets — GaUic acid la employed as photographic 
developer, in the manufacture of mks, prepara 
tion of dyestuffs and m medicme (G Cohn m 
P UUmann, “ Enzyklop&die der techmschen 
Cbemie,” 2nd ed , Vol V (Berlin, Wien, 1930), 
p 460) 

GALLISIN (p Vol II,299fl) 

GALLIUM. Atomic weight 69 72 (69 74, 
Lundell and Hoffmann, 1935), atomic number 
31, isotopes 69 and 71 

Predicted by Mendel^ef and called by him 
eka aluminium, gallium was discovert by 
Lecoq de Boisbaudran in 1875 during the 
spectroscopic examination of material isolated 
from the zinc blende of Pierrefitte in the 
Pyrenees Although always occurring in minute 
quantities it is widely distributed is nature and, 
as might he expected, is often found associated 
with aluminium in days, felspars, nephehnes 
etc It IS Dequently a constituent of sue 
blendes while it may also accompany iron, 
manganese and chromium ui their ores, hence 
It has often been detected in commercial samples 
of these metab The richest mineral source of 
the element is gemaniU (7 p ), a copper sulphide 
ore found m South West Africa whicli may 
contain 0 6-0 7% of gallium It is foimd in the 
oab of many coab m amounts up to 0 05% 
while m flue dusts an enrichment may take 
place, samples containmg up to 2% having been 
obtained (Goldschmidt and Peters, Nacbc Ges 
WiBs Gottingen, 1931, 165, 1933,371, Bamage, 
Nature, 1927, 119, 783, Morgan and Danes, 
Chem and Ind 1937, 56, 717) 

At present the only source being worked for 
gallium is the rhenium rich copper schist of 
Slansfeld The aluminium phosphate residues 
occurring durmg the isolation of molybdenum 
and rhenium &om this achist are dissolved in 
caustic soda and the solution carefully acidified 
with sulphuric acid when a preupitate consisting 
of basic sulphates and phosphates of aluminium 
and tm is obtamed , this may contain upwards 
of 7% of gallium The precipitate is dissolved 
m 4A sulphuric acid and the solution submitted 
to fractional hydrolysis by addmg water or, 
better, sodium sulphite Galhum accumulates 
in the first firactions and these are again taken 
up in sulphuric acid, the solution now being 
treated with hydrogen sulphide under pressure 
to remove molybdenum and tin The filtered 
hquor IS then made strongly slkabne and the 
metal extracted electrolytically (Feit, Angew 
Chem 1033,46,216) 

In the further purification of the metal one 
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or more of the following operations are nsed: 
(a) conversion into the chloride and extraction 
of this from eiT- H C I with ether ; after removing 
the solvent the dilute solution of the residue is 
treated successively with hydrogen sulphide to 
remove heavy metals and excess sodium 
hydroxide to remove iron ; (b) crystallisation of 
the alum, (NH.)Ga(S 04 ) 2 , 12 H 20 ; (c) frac- 
tional distillation of the chloride or bromide; 
[d) fractional crystallisation of the metal. 

Phtsical Peopeehes. — G allium is a bluish- 
white diamagnetic metal melting at 29-7S” to a 
lustrous silvery-white liquid the bofling-point 
of which is estimated to be about 2,300' abs. ; 
the liquid shows a great tendency to superfusion. 
Two isotopes ®®Ga and ”^Ga are known, the 
relative abundance being l-6:l-0 from which, 
assuming a packing fraction of —9-8 x 10~*, an 
atomic weight of 69-71 is obtained. At tempera- 
tures removed from the melting-point g allinm 
is hard and brittle though at room temperature 
it may be rolled into thin films ; it marks paper 
with a grey streak and its hardness on the 
iloh scale is given as 1-5 (Rydberg) or 2-3 
(Einecke). The density of the solid is 5-904 
and of the liquid 6-095, the dilation on solidifi- 
cation being 0-00331 c.c. per g. The compressi- 
bility at 20’’ is 2-09 x 10^, approximately half 
that for the h'quid (3-97 x 10"®). The latent 
heat of frrsion=— 19-16 g.-caL; specific heat 
between 0' and 16®=0-0S87 while that of the 
hquid is 0-0977 ; atomic heat <~6-2o. The mean 
coefficient of expansion (a) over the temperature 
range -78-3 to 18° is 5-3 x 10~® and for the range 
32-8-310° is 11-87x10-®. 

The specific resistance of solid gallium is nearly 
twice that of the liquid, p(0°)=53-0xl0-*, 
p(30-3°)=27-2xlO-«; Haft effect =-6-3x10-®. 
At temperatures near the absolute zero the metal 
becomes superconducting. 

Spedra . — ^In the X-ray spectrum the chief 
lines of the K series are aj=l-330A, a2=T340S7A, 
a3=l-33186A, ^i=1-20543a, P2=1-193Sa, 
=1-1959a. The critical K absorption line is 

1- 1902A while the wave-length of the main El 
absorption edge is 1-1925 a. 

Both the arc and the spark spectra of gallium 
contain a number of intense lines suitable for 
purposes of detection ; the most persistent lines 
are the two violet ones 4172-05 and 4033-03. 
The spectral series have been studied by Ryd- 
berg (K- Svenska Vet. Akad. HandL 1890, 23, 
Xo. 11), Paschen and Meissner (Ann. Physifc, 
1914, (4), 43, 1223), absorption spectra, Grotrian 
(Z. Physik, 1923, 12, 218; 18, 169), X-ray 
spectra, Gwiimer (ibid. 1938, 108. 523) sec also 
Powler, “ Report on Series in Line Sjiectra,” 
London, 1922. 

Crysial Sirudure of Gallium. — Orthorhombic 
with three different axes : 0=4-5167,6=4-5107, 
c=7-644S, a:c 1-6926. Each atom is surrounded 
by seven others, one at 2-43 and two each at 

2- 70, 2-73 and 2-79a. This structure consists 
either of deformed hexagonal rings or possibly 
contains Ga. molecules (Bradlev, Z. Exist. 1935, 
91, 302). 

CHEsncAL PEOFEEnzs. — The metal is stable in 
dry air bat slowly tarnished in moist air or 
oxVgen, the action proceeding more rapidly in the | 
liquid phase. It does not decompose water j 


although with caustic alkalis hydrogen is slowly 
evolved. Of the mineral acids concentrated 
hydrochloric acid alone attacks it to any 
appreciable extent in the cold. The action of 
nitric acid is comparatively slow even on warm- 
ing for, like iron and aluminium, the metal 
acquires a certain degree of passivity; this is 
due to the resistant film formed under the action 
of oxidants. With liqnid gallium the film fr 
particularly tenacious and being fairly elastic 
is not easfly perforated. Halogens attack the 
metal -with vigonr and the evolution of light and 
heat, although in the case of iodine warming is 
necessary to initiate the reaction. 

Two classes of compounds are known in which 
gallium is respectively bivalent and trivalent; 
in addition there is also evidence of nnivalent 
derivatives. 

Allots. — Xnmerons binary and a lesser 
number of ternary, quaternary and even quin- 
I ternary combinations have been produced some 
f of wMeh are h'quid at room temperatures, 
j Copper-gallium alloys resemble the brasses of 
aluminium, indium and tin. A little gallium in- 
creases both the strength and hardness of copper 
bnt the electrical condnctivity is considerably 
decreased- A higher gaUinm content renders 
the alloys brittle so that they cannot be tmuied ; 
this applies also to silver and zinc alloys. On 
the other hand galh'um-magnesium alloys are 
easily turned or rolled while they may possess a 
hardness up to 50 BrinelL With aluminium, 
indium and tin there are formed low melting 
alloys ; the eutectic with tin contains 8 atomic 
per cent, of this metal and melts at 18°. Addi- 
tion of mdium lowers the melting-point still 
further so that an alloy of 60% Sn, 30% Ga 
and 10% In has been recommended to replace 
mercury. 

Uses. — Galh'um has been nsed to some extent 
in thermometry, fused quartz being used instead 
of the glass of ordinary thermometers ; tempera- 
tures up to 1,000° may be measured (Boyer, 
J. Opt. Soc. Amer. 1926, IS, 117 ; cf. E.P. 
610192; G.P. 453184). Mercury may also be 
replaced by Ga-Al alloy in ultra-violet ray 
lamps, the therapeutic effect being further in- 
creased by small additions of cadmium, bismuth 
or mercury (G.P. 217951). Other suggested uses 
are in radio valves (U.S.P. 1866195), as a h'quid 
seal in strongly heated apparatus which is being 
evacuated (G.P. 562212) and for coating optical 
mirrors. 

Organic gallium salts also exert some curative 
action in experimental syp hilis and trypano- 
somiasis (Levaditi, Bardet, Tchafcinan and 
Vaisman, Compt. rend. 1931, 192, 1142). 

Compounds of Gallium. 

GALLIOr AXD Halogexs. 

Gallium trifluoride, GaFj. — White powder, 
subliming at 950°, obtained by heating am- 
monium galliSuoride, (NH^ljGaFj, in nitro- 
gen or fluorine at 250-400°. It is insoluble in 
water bnt dissolves in hydrofluoric acid and 
concentration of this solution leads to the 
formation of the crystalline trihydrate, 
GaFj.SHjO, which maj- also be prepared by 
dissolving* the metal or oxide in excess HF. 
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Th« hydrate is perceptibly soluble m hot irater 
and easily dissolrea in dilute hydrochloric acid, 
when heated to 140® in txiCBO the water of crystal 
hsation is slowly expelled Extraction the 
tnhydrate with hqmd ammonia yields the tn 
ammoniate GaFjSNHj, the existence of a 
diammoniate is also indicated (Elemm and 
luhan, Z anorg Chem 1939.241,03) 

"White double fluorides of the crjTihte type, 
RjGaF, (Risalkali metal or NH^) have been, 
made by dissolving stoichiometric amounts of| 
the necessary fluondes, oxides or carbonates u 
HF and evaporating The ammonium com 
pound when gently heated forms (NH,),GaF. 
and (NH*)GaF 4 while Ga{NH,)Fj and 
Ga(NH)F are produced at 220® and 400® 
respectively (Pugh. JOE 1937. 1046. 1959. 
Hannebohn aud LJemm. Z anorg Chem 1936, 
229, 337, Henkel, Angew Chem 1934, 47, 
726 , Johnson and Parsons, J imer Chem Sok 
1932, 64, 2588, Aston, Nature, 1923. 112, 449. 
Elnecke, “ Das GaUium,’ Lcipng, 1937) 

Gallium trichloride, GaCI, — I^paied by 
the action of chlonne or hydrogen chloride on 
the metal or hy heating the oxide m carbon 
tetrachloride, if the stream u soffiaently rapid 
galhom may take Are m the halogen burning 
with a pale blue flame The chloride is ponfled 
by fractional distillation, first in air and then 
tn ttieuo, colourless needles, mp 78®, bp 
205®/755 mm (Elemm and Tilk, Z anorg 
Chem 1932, 207, 161), 201 3® (Fischer and 
Juhermann, ibid 1936, 227, 227) Heat of 
formation at 20®~12S kg cal , density of sohd 
iff 2 47 , of the liquid d 2 063-0 00205(<-78*) 
Vapour density measurements indicate that just 
above the boiling pomt the chloride la bunole- 
culat (Ga.CU) while at 440® dissociation into 
simple molecmea is complete , at 1,000® decom 
position into GaClj becomes evident GaUmm 
im^onde is very hygroscopic and easily 
hydrolysed , it fumes m damp air and dissolves 
m water with the evolntion of heat forming a 
clear solution having an aad reaction and from 
which, on long standii^ ciystallme oxychlorides 
may be deposited , one such compound isolated 
by de Boisbaudran had the composition 
GaaCle12H,0,2Gaj0, HjO 
The aqueous solution loses hydrochlonc aad on 
evaporation and a gel is produced Unlike 
alommmm chloride, galhum chlonde is freely 
soluble in ether and is almost completely ex 
traded from solutions m 6N hydrot^onc acid 
by this solvent, ho derivatives corre s ponding 
to the gallihexafluondes are known bat Eraus 
and Toonder (Proc Nat Acad Sa 1933, 19, 
298) have obtained NH^QaCI^ by acting on 
tnmetbjlgalhum arnmine, Me,GaNH^ with 
hydrogen chlonde For ammomates of GbCI^ 
«e Elemm. 111k and Jacobi (Z anorg Chem 
1932,207, 187) 

Gallium dichlonde, QaCL — Prepared by 
heating galhum with its tnchlonde at 200® or by 
mcomplete chlorination of the metal and distill 
mg the colourless, strongly refracting liquid m 
carbon dioxide White crystals, m p 164®, bp 
535®, m common with other g^inm hahdea it 
^ exhibits to a marked degree tbe phenomenon of 
supercooling The dichlonde u deliquescent, the 


crystals dissolving to a colourless solution whieb, 
on dilution, deposits a brown preapitatepcssns 
mg reducing properties , this preapitate slowly 
becomes colourless and dissolves, probably as an 
oxyehlonde of tnvalent galhum The action of 
water on the dichlonde always leads to tbe 
evolntion of a gas, presumably hydrogen, but 
which, from its pecuhar odour and action on test 
papers impregnated with silver or lead salts, 
was thought by de Boisbaudran to be a gaPiun 
hydnde Galhum dichlonde does not yield am 
momates but with hquid ammoma at —"8® it 
forms GsCfj SNHj and Ga {da Boisbsudnn 
Compt rend 1881, 93,294,329, 1882,95,18. 
Nikon and Pettersson, Z p^ysikaL Chem ISSS, 
2 657 , Dennis and Bridgman, J Amer Chen 
Soc 1916, 40, 1531, Bichards ei ol. %h»i 
1919, 41, 600, Bowden and 0 Connor, Proc. 
Roy Soc 1930, A, 12S, 317, Elemm and 111k. 
Z anorg Chem 1932, 207, 161, 177, Pischer 
and Jubermann, i&id 1936, 227, 227, Both 
and Buchner, Z Elektrochem 1934, 40, 87) 
Gallium monochloride, GaCI —Vapour 
density measnrements on galhum dichlonde 
above 1,000* mdicate a certain degree of dis 
soaation mto the monochlonde while a study of 
the spectra of galhum halides shows the presence 
of hand systems resembhng those for InCI, 
InBr and Ini (Miescher and Wehrh, Hely 
Pbys Acta, 1933. 6. 458, 1934, 7, 331) 
Gallium tnbromide — ^Prepared by passing 
mtrocen laden with bronune vapour over the 
metal and punfied by sublimation unde r lo* 
pressure and at about 100® Oolourleaa hygro* 
scopio needles soluble in a Lttle water to a cle« 
solution having an acid reaction, mp 1215^ 
(122 6® , 124 5®), b p 279®/760 mm , d'** 3 69, 
dUq 3 13S-0 0029(t-125®) (Fiseher and Juber 
mann, Ic., Elemm e/ he , Johnson and 
Parsons, J Physical Chem 1930, 34, 1210) 

The tnbromide forms a number of ammomates 
of which the bexammine, GaBrj6NHj is 
stable in dry air at IS®, in the presence of 
moisture an exchange of NH, for HjO takes 
place 

Gallium dIbromIde — ^Less volatile than the 
didilonde,it is formed by the action of bromine 
on excess of tbe metal 

Gallium trllodlde — At ordmary tempera 
tores iodine acts only slowly on gallium but 
binstion takes place readijy on warming 
tniodide is beat prepared by heating eqmi^cn* 

a oantities of tha elements in an evacuated 
le product being punfied by subhmation under 
reduerf pressure It forms pale, lemon ycUo^ 
hygroscopio crystak, readily soluble Jo, ““ 
hydrolysed by, water, m p 212® (213 5 , -.llT), 
bp 346®, dj’416,diiq 3 6(J-0 00224(<-211*} 
Of its ammomates the mouammine melts at 
140® while the heiammine is stable in air at room 
temperature although very sensitive to moisture 
Gallium dllodide — Light yellow 
melting to a volatile, eaily supercooled, rw 
liquid, it is obtained similarly to tbe other 
dihahdes 

Gallium perchlorate, chlorate lodateaM 
oxyiodate have also been made (Neogi aM 
Eandi, J Indian Chem Soc 1937, 

Fo«ter, J Amer Chem Soc 1939,61,3121) 
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Giinrcir jjtd OxTGinir. 

Gallium sesquioxide, GajOj. — TVien 
strongly heated in air or orygen gaEnzca fanms 
■srftii a tiolet flame, prodncing the sgsqtdoiide 
■srhich is nsnaHy prepared by thermal decom- 
position of the salts or by dehydration of the 
hydrate ahove 900*. The latter retains -Jmter 
tenacronsly -K-hiie, moreover, the oxide is 
hygroscopic unless heated to 1.200 - ; it is then 
insolnble in alkalis and only slotrly so in mineral 
adds other than hydrofinoric. The meltinn- 
polnt is given as 1,740' by TVartenbnrg and 
Eeich (Z. anoig. Chem. 1932, 207, 1) and as being 
above 1,900“ by Centola (Amer. Chem. Abstr. 
1936,30,4356). Like alumina it exists in several 
modiScations ; the oxide (c-Ga.Oj) prepared 
at 430“ possesses a stmcrnre similar to cornndnm 
and this changes at 62.5" to ^-Ga^Oj v-hich is 
monoclinic or rhombic and is stable trp to the 
melting-point ; density of c-form 6-44 and of 
^form 5-SS. Addition of certain oxides snch as 
those of Ti, Mn, Pt and Cr indnces finorescence 
or phosphor^cence in gallrnm oxide trhen it is 
heated in the oxy-hydrogen flame or in a cathode- 
lavfnmace (Ii^e sndLhders, Ber. 1933, 66 [B7, 
1651). 

Gallinm oxide is violently rednced to the metal 
on heating -itith magneshrm ; . reduction also 
occnrs vhen hydrogen is passed over the red- 
hot oxide although at lotter temperatures the 
Euboxide Ga.O is apparently produced. ] 

Gallium monoxide, GaO. — ^AIl attempts to 
reduce the sesguioxide result only in the for- 
mation of GhjO although EJemm and Schnick 
(Z. anorg. Chem. 1936, 226, 353) state that the 
sublimate produced on heating GajOj-f Ga in 
vscso contains some monoxide. See also 
Guemsev (Phvsical Eev. 1934, [ift, 46, 114) and 
Sen (Inamn J. Physics, 1936, 10, 429). 

Gallium suboxide, GajO. — Produced as a 
brotm potrder ttben the sesquioxide and metal j 
are heated together at 700" and pmifled by sub- 1 
lirnfng in a h&b vacuum at 500“ ; above 500" it | 
begins to decompose into GajO, and Ga. The 
oxide is stable in dry air and is only superScially 
oiidised on heatiim; nitric add or bromine 
energ eti cally convert it to the tervalent state; 
it reduces cold dilute stdphuric add to hydrogen 
sulphide (BruM and Ortner, Z. anorg. Cnem. 
1931, 203. 23). 

Gallium hydroxide or oxy-hydrate, 
Ga(OH)j or Ga.Oj.3H.O. — ^IVhen a solution 
of a gallic salt is*treated'vith ammonia, alk a li 
hydroxide, carbonate or bicarbonate there is 
produced a vrhite gelatinous precipitate the com- | 
position of vhich is somevrhat doubtful and j 
probably vanes witb the experimental con- j 
ditions. Havestadt and Fricke (Z. anorg. Chem. 
1930, 188, 357) state that it approximates to 
2Ga,Oj,3H.O vrhile Xeogi and Xandi {J. j 
Indian Chem. Soc. 1935, 13, 399) give j 

Ga.Oj.3H,0. j 

The latter authors state that on drying in vacuo : 
the compound Qa.03,2H.O is obtained vrijiM, | 
unlike the fiesbly predpitated material, is in- i 
soluble in organic adds. A monohydrate. 
Ga,Oj. H.O, is also knotvn and it is this com- 
pound vrhich is obtained vhen the hydroxide is 
formed slovlv or alloved to age. According to 


TTeiser and JJilligan (J. Physical Chem. 1935, 
42. 6/3) rapidly predpitated or tm-a^ed samples 
are merely the hydrpns oxide (Goldschmidt el 
al^ Xorske Videnskapsakademie Arhandlineer 
Matem-Xaturvid. Klasse, Oslo, 1925, 1, Xo.'7 ; 
Bohm and K a han, Z. anorg. Chem. 1935, 238, 
350 ; Lanbengayer and Ende. J. Amer. Chem. 
Soc. 1939, 61 1210). GaTlium hydroxide is readily 
soluble in adds and alkalis altbougb like alumi- 
[nium hydroxide it exhibits the” phenomenon 
[ of ageing. For analytical purposes it is best 
! predpitated by bofling a slightly add solution 
vvith sodium or ammonium sulphite or vrith 
sodium azide; tartaric and dtric adds hinder 
precipitation. The hydroxide manifests almost 
equal basic and addic properties, the latter being 
more pronounced than in the case of aluminium 
hydroxide. Xo metallic gallates have been pro- 
duced in the vet vay although compounds of the 
spinel type have been made vitb beryllium, 
magnesium and zinc, these being obtained by 
heating stoicbiometric amounts of the intimately 
mixed oxides at 1,000". Such metagaHates have 
the general formula, MGa.O^. and are vbite 
crystalline compounds of vhich the Mg and Zn 
salts are rendered capable of phosphorescence 
fy admixture vitb Mg and Zn metachromites. 

GilXIUXr AXTD SrxvHTB. 

Gallium sulphides. — The sesqursulpbide, 
Ga.S.. is a yeHov substance formed by heating 
the metal at 1,200-1,300' in a current of sulphur 
or pariSed hydrogen sulphide ; it melts about 
1,250' and is decomposed bv vater ; the densitv 
is 3-4S (3-65). 

GaHrum monosulphide, GaS, is produced 
either by reducing the sesquisulphide vitb 
hydrogen or by heathrgthe elements in the correct 
proportions; vhen sublimed at 500' it forms 
veDov crystals, m.p. 965'. This bivalent sul- 
phide is stable to vater, produces hydrogen sul- 
pbide vitb acids and burns in bromine. Heated 
in a high vacxram at 700’ it gives a readily volatile 
greyish sublimate of the sub-sulphide GajS, 
vhich is only slovly attacked by vater. It is 
violently oxidised by bromine, vhile it decom- 
poses vhen heated, producing the sesquioxide 
and the metal (Moser and Brukl, Monatsb. 1925, 
50, 151; 1929, 51, 325; 52, 253; Brukl and 
Ortner, ibid. 1930, 56, 355 ; J ohnson and Warren, 
Xaturviss. 1930, 18, 665; Klemm and von 
Vogel, Z. anorg. Chem. 1934, 219, 45). 

The corresponding seler.ides and leUandes, 
vith the exception of Ga.Te, have also been 
made (Klemm and von Vogel. I.c.). 

Gallium sulphates. — White octahedral cry- 
stals of Ga.(SO^)3.16H.O are formed by di=- 
solvinz the oxide or hydroxide in sniphuric acid 
and precipitating vith alcohol and ether; the 
sulphate is insoluble in ether bnt is readily so 
in vater or 601o alcohol. The dilnte aeneous 
solution deposits a basic snlphate vhen heated 
bnt this redissolvES on cooling. GaHiua re- 
sembles aluminium in that its sulphate readily 
forms “ alums ” of the type 

M.SOi-Ga-{SO«)j,24H.O, 

vhere M=NH^. K, Rb, Cs and Ti. 
Eolnbilitics of the anmoninE and cr-sium double 
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salts are respectively 30 84 and 1 61 g pCT 100 
c c of solution The ammonium ** hlatn ” 
behaves like galLuip sulphate when dilute sola 
tions are heated (Soret, Compt rend 1884, 99, 
867, 1885, 101, 166, TchaWian, tbtd 1929, 
189, 261 , Dennis and Bridgman, J Amer 
Chem Soc 1918,40, 1631, Willard and Fogg, 
ibid 1937, 59. 1197, 2422) 

Oalhum selemle contaimng 16 and 22 mol 
HjO and a galhum cssstum selenate uuth 24 mol 
HjO are also known {Dennis and Bndgm^> 
I c , 1558) 

Gallium and Nitrogen 
Gallium nitride, GaN — When gallium 
interacts with ammonia at 900-1,200® there is 
slowly formed a dark grey nitride, GaN, of 
considerable stability , it is unaF^ected by air, 
water and dilute acids and dissolves only alowly 
in hot concentrated HjSO, or NaOH Hydro 
gen does not attack it while with oxygen above 
900° it gradually forms GasOj, it may be 
subhmed above 800° (Johnson, Parsons and 
Crew, J Physical Chem 1932,36,2661, ICIemm, 
Jacobi and Tilk, Z anorg Chem 1932, 207, 
187, Lirmann and Schdanov, Acta Physico 
chim U R S S 1937, 5, 306) 

By shakioc liquid gallium with active mtrogen 
Tieae and I&oblau^ (Ber 1935, 68 [B], 1149) 
ohtamed a nitride which differed from the above 
m being easily attacked by water, acids and 
, alkalia and in losing mtrogen on heating to 150° 
Gallium nitrate — A solution of gallium or 
its sesqmoxide in nitric acid when concentrated 
and cooled deposits large, clear, hygroscopic 
prisms of Ga(NOj)3,8H)0 which, according to 
Dupr4 (Compt rend 1878, 86 720), may be 
dehydrated in a current of warm air at 40® At 
110® It begins to decompose, conversion into the 
oxide being complete at 200® If a eolutioo of 
the nitrate in alcohol is treated with ether there 
IS precipitated a white baste salt, 

• Ga(OH),NO, Ga(0H)3.2H,0, 

and this, unlike the normal salt, is not bygio 
scopic (Pulin and Zivadinovifi, Z anorg (%em 
1936, 228, 255) 

Gallium and Phosphorus 
GalliumXphosphIde has been obtained by 
passing hydrogen laden with phosphorus over 
the heated metal at 500° , it forms an orange 
coloured mass , the corresponding arsentde has 
been made similarly • 

Gallium phosphate, GaPO^ SH^O, is pro 
duced by dissolving freshly precipitated gaUium 
hydroxide m dilute phosphoric acid and eva 
poratmg the solution, with phosphorous and 
hypophoaphorous acids only the acid salts, 
GaH,(P0j)3.H,0 and GaHj(PO,),. are ob 
tamed In all cases the Ttomal salts may be 
prepared by adding to a solution of gaUium 
nitrate one containing the sodium salt of the acid 
Both gaUtum phosphite and hypophosphtfe are 
deposited as white precipitates of the mono 
hydrates which are msoluble in water (Aeogi 
and Nandi, J Indian Chem Soc 1030,18,399, 
1037, 14. 492) 


Miscellaneous Compounds 

Gallium ferrocyanide, Ga4[Fe(CN)3]j.— 
Obtained as a fine, white precipitate when potas 
Slum ferrocyanide is added to a solution of a 
gallium salt The precipitate is insoluble in 
moderately strong hydroehlono acid but dis 
solves in concentrated alkahs 

Gallium silicotungstate, 

Ga,H,3[Si(WsO,)3]3 

Readily soluble in water it forms three hydrates 
containing respectively 64, 81 and 87 mol of 
water (Wyrouboff, Bull Soc Franc Min 1896, 
19. 342) 

Gallium acetate, — A neutral acetate is un 
known, the solution of galhum hydroxide m 
much acetic acid producing only a precipitate of 
the basic salt 4Ga(OAc}3,2Ga303 5H}0 
This loses acetic acid above 128° and at 145° 
there is formed GaO{OAc) which passes into 
the oxide at 169® (Tchakinan, Compt rend 1929 
189, 251 , Centola, Amer Chem Abstr 1936, 
so, 4386} 

Neutral salts have been obtained with oxahe, 
tartanc, lactic, citric, malic, benzoic and 
anthranibc acids (Neogi and Nandi, I e , Neogi 
and Dutt, J Indian Chem Soc 1938, 15 63 
iLevaditi et al , Compt rend 1931, 192, 114’. 

1 193 117) 

Oroano Metallic Derivatives or Galudji 

Gallium tnmethyl, GaMe, —Formed 
when the vapour of zinc dimethyl acts on galhum 
chloride, first at room temperature and then at 
80-120®, the product being cooled in liquid 
ammonia and isolated as a white sohd, ffi p 
—19°, b p 65 7®/762 mm It is extremely sensi 
tive to oxygen, even the sohd burning spontane 
ously in air 

Methyl magnesium iodide reacts with an 
ethereal solution of galhum trichloride or 
bromide, yielding a tnmethyl etherate, 
MeaGa.EtgO, 

as a volatile Lquid less sensitive to air than 
gallium trimetbyl, it fumes in air and may 
undergo spontaneous combustion Water and 
alkalis decompose it with evolution of methane 
(Renwanz, Ber 1932, 65 [B], 1308) Evapora 
tion of a solution of the etherate in hquid 
ammonia leaves a white residue of galhum tri 
methyl ammine, GaMe, NH3 which melts nt 
31® and subhmes *a %acuo at room tempera 
tore Comparatively insensitive to oxygen it 
IS easily attacked by alkahs liberating methane 
and ammonia 

Hydrogen chloride reacts with the tnmethyl 
ammine in ether liberating gallium tnmethyl 
which IS then decomposed by the ammomum 
chloride also formed giving galhum dimethyl 
chlonde monammine as a white, ether soluble 
compound, m p 64° 

GaMe,,NH.+ HCI=GaMe,4-NHXI 

-^GaMe,(NH,)CI+CH4 
Further action of the acid generates galhum 
dimethyl chlonde which is also obtainable from 
the tnmethyl etherate A third molecule of 
hydrogen chlonde yields gallium methyl di 
chlonde as a white product forming a mono and 
pent ammme , continued action of acid removes 
the last methyl group If excess of hydrogen 
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chloride be allowed to act on GaMcjNHg 
at 160’ there is obtained ammonitun gaUi- 
chloride, NH^GaCI^, which does not suhhme 
in vacuo at 200’ and which is soluble in water 
without apparent hrdrolysis (Kraus and Toon- 
der, Proc. Xat. Acad. Sci. 1933, 19, 292, 298; 
J. Amer. Chem. Soc. 1933, 55, 3547). 

Gallium triethyl. — Viscous, unpleasant- 
smeUing liquid formed by the interaction of gal- 
lium trichloride and mercury diethyl or lithium 
ethyh m.p. -82-3’, b.p. 142-6’. Its properties 
resemble those of its methyl analogue ; an 
etherate and a monammine are known, the latter 
being only slowly attacked by water yielding 
white, probably diethyl gallium hydroxide, 
Et 2 Ga(OH). From this there have been 
derived the corresponding chloride and sulphate 
(Dennis and Patnode, J. Amer. Chem. Soc. 1932, 
54, 182). 

Gallium triphenyl. — Colourless, needle-Uke 
crystals, m.p. 166’, prepared by heating the 
metal with mercury diphenyl at 130’ in nitrogen 
(Filman and Jones, ibid. 1940, 62, 9S0). 

Gallium acetylacetone, Ga(CsH-02). — 
Ammonia added drep by drop, and in sh'ght ex- 
cess, to a mixture of gallium nitrate and acetyl- 
acetone first produces amorphous gallium 
hydroxide which soon gives place to a crystalline 
precipitate of the acetylacetonate. After re- 
crystaDising fi-om acetone or benxene followed 
by sublimation in vacuo it melts at 195’ ; it is 
almost insoluble in water, cold alcohol and ether 
but easily dissolves in benzene, chloroform or 
acetone. 

Gallium acetylacetone exists in three crystal- 
line modifications (a, ^ and y ) ; the first is iso- 
morphous with the a-acetylacetonates of Al, 
Cr-", Mn-" and Co---, the second or ^-form 
with the corresponding scandium and indium 
compounds while y-gallium acetylacetone is 
related to the iron derivative (Morgan and Drew, 
J.C.S. 1921, 119, 1058 ; Astbury, Proc. Boy. Soc. 
1926, A, 112, 448). 

G. E. D. 

GALLOFLAVIN. The mordant dye gallo- 
flavin and ifogalloflavin is obtained by the 
limited oxidation of gallic acid in alkaline solu- 
tion ; the process of oxidation depends on the 
amount of alkali present. Gallic acid (50 g.) is 
dissolved in alcohol (876 c.c.) and water (1 litre) 
and the solution cooled to between —5° and 
4-5’C. Potassium hydroxide (135 c.c. of 28% 
solution) is then added and a current of air is 
passed through the mixture for 5 hours. The 
sparingly soluble potassium salt of gaHoflavin 
separates gradually and is collected, dissolved 
in warm water and precipitated with acid (Bohn 
and Graebe, Ber. 1887, 20, 2327 ; see also G.P. 
37934, 1886 ; FrdL I, 567). 

When dyed on mordanted wool, gaUoflavin 
yields with bichromate mordant an olive-yellow, 
with copperas a dark brown, with staimous 
mordant a dull orange, and with copper sulphate 
a brown shade. In practice, chromium mor- 
dants only are used, and the shades obtained 
are fast to light, milling, washing, dilnte acids 
and alkalis. Galloflavin is used also in calico 
printing on a chrome mordant for greenish- 
yellow.'^ The colour is somewhat sensitive to 
chlorine (Knetch, Eawson and Loewenthal, 
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! " Manual of Dyeing,” Griffin & Co., Ltd., 
London, 1910, p. 623). 

Galloflavin crystallises' in greenish-yellow 
leaflets which, when heated, blacken without 
melting. It is sparingly soluble in water, 
alcohol or ether, more readily soluble in acetic 
acid or aniline. It dissolves in sulphuric acid 
forming a reddish-yellow solution which, on 
dilution gives a greyish-white precipitate. 

Bohn and Graebe (l.c.) suggested the com- 
position CjgHgOg for galloflavin and described 
the potassium salt, a yeUow crystalline substance 
insoluble in alcohol and cold water; the tetra- 
acetyZ-derivative, colourless needles, m.p. 230’ 
(Herzig gives m.p. 230-233’); and the tetra- 
chloToacelyl-caTa.pa\mdL, needles, m.p. 210-212’. 

Subsequently, Herzig (Monatsh. 1910, 31, 799) 
proposed the formula CjgHgOg for galloflavin. 
On methylation, galloflavin yields the tetramethyl 
ether, colourless needles, m.p. 236-239’, and this, 
when quickly boiled with aqueous potassium 
hydroxide and then treated with concentrated 
hydrochloric acid, is converted into trimethyl- 
isogalloflavin, CjjHgOglOMelg-COOH, fine 
colourless needles, m.p. 253—256° with evolution 
of gas. The methyl ester of this substance cry- 
stallises from alcohol in long needles, m.p, 232— 
234°. 

Tiimethylisogalloflavin contains a carboxyl 
group and a lactone ring; it is degraded to 
3:4:5-tTimethoxyphthah’de by the following 
series of reactions, and Herzig (Annalen, 1920, 
421, 247) thus suggests for tsogaUoflavia the 
structure : 



When distilled, trimethyhsogalloflavin (I) is 
decomposed into carbon dioxide and a substance, 
C„H 303 ( 0 Me )3 (1^, m.p. 130-132°, which 
does not react with diazomethane or acetylafing 
agents. On warming with potassium hydroxide 
in aqueous methyl alcohol and then treating 
with hydrochloric acid, (H) is converted by 
fission of the lactone and four-membered rings 
and elimination of formic acid into the lactone, 
CxoHgOalOMelg (LH). m.p. 74-77°, and this, 
by further treatment 'with alkali, yields 2:3:5- 
tiimethyoxyphthalide (IV) and potasrium ace- 
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By the action of zmc dust and aqueous potas 
Slum hydroxide, tragalloflaTin gives two sods, 
C 12 H 10 O 7 (V) and CioHfiOg (VI), contaimng 
stable coumarone rings The dihjdrozydicar 
boiylic acid (V) forma silvery leaflets, m p 191-. 
194° (decomp ), and is converted by methyl 
alcobohc hydrogen chloride into the mtth^ 
ester, Cn|H,0(0H),(C00Me), mp 163- 
166°, which 3 nelds the corresponding dtaeeiyl 
derivative, mp 71-73° With diazomethane, 
(V) gives a tetramethyl compound, m p 101—103°, 
and this is hydrolysed to the corresponding dt 
nethoxydicarboxyltc acid, m p 200-203° 

/COOH 


CH 


— C CHMe COOH 
V 


' CO 

Acor r '^o 

Acol I A 

A>0 HC^ ^CAc 




The dihydroxymoDocarboxylio acid (VI) 
could not be obtained pure owing to the fact that 
it IS readily oxidised in solution With me^y) 
sulplute it forms a trtmetkyl derivative, colour 
less platelets, m p 101-103°, which is hydrolysed 
to the corresponding acid, 

C 9 H 50 (OMe)jCOOH, 

m p 186-188° By treatment with methyl 
alcoholic hydrogen chloride, the acid (VI) yields 
the methyl ester, m p 184-lflO* (very difficult to 
purify], the diacetyl derivative of which melts 
at 109-112° 

The action of zinc dust and aqueous potas 
Slum hydroxide on galloflavin proceeds id the 
same manner, but the yields of the reaction ' 
products are much smaller 

With acetic anhydride and sodium acetate, 
tsogalloflavin yields the normal triacetyl 
compound, if zinc dust is added, however, a 
further acetyl group entere, probably by dia 
placement of the carboxyl group, giving nse to 
the lelra acetyl compound C„H,Oj(COMe)«. 
(VII T), m p 203-206° (decomp ) after becoming 
discoloured from about 180° Similarly, tn 
methylisogalloflavin yields acelyllrtmethyliso 
yallofiavxn, long, colourless needles m p 138- 
140“ The methyl esters of trimetbyl and 
tnacetyl isogalloflavin are, however, unaffected 
by this treatment, and it thus appears that Ibe 
presence of a free carboxyl group is an essential 
condition of the reaction On the other hand, 
since the action only occurs in the presence of I 
zinc dost, It u possible that the carbonyl group 
adjacent to the carboxyl radical is reduced and 
the secondary alcoholic group is then 
acetylated If such is the case, then the stme 
turn of the fetra acetyl compound is represented 
by formula (Till) 


VIII 

The presence of a carboxyl group in «o 
galloflavin is proved by its conversion by methyl 
alcobohc hydrogen chloride into the methyl 
ester, mp 300-305° after previous darkening, 
ufufer sfoiilaf ccaditicas gslladsrin is m 
affected 

For galloflavin Herzig suggests formula (IX) 
or the keto formula corresponding to this cnol 
form The conversion of galloflavin into tso 
galloflavin appears to proceed via the inter 
mediate product (X) wmch passes, by loss of 
water, mto isogalloflavin 





'*NC(OH)'^'"'^COOK 
X 

AGP and E J C 

GALLOGEN, GALLOL w Gxiiio Aoin 
GALLOTANN 1C ACID, m digalbc acid, 
HO CO,H 

?/ \co C 


HO 


’°0 

HO OH 


18 obtained from tannin by repeated treatment 
with chloroformic ester and pyridine m an 
atmosphere of hydrogen (Nierenstein, Ber 1910 
3 630) It crystallises from aqueous alcohol 
m needles m p 268-270° 

GALLS The generic term of galls includes 
the large variety of excrescences and other 
abnormal growths (cecidja, galls, cancers, hyper 
trophies, etc ) which are produced upon plants 
and animals and are caused by plant, animal 
and chemical irritants The ahnortnal growths 
on plants are caused by insects, nematode^ 
fungi, shme moulds, bacteria and chemical and 
mechanical irritants Similar growths have also 
been formed in plant hybnds by internal causes 
(Kostov, Protoplasms, 1033, 20, 440) 
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I. Plant Galls caused by Insects. 

These gals —ere the for to attract atfeatfon 
and bave been legsrded as of great importance 
in all histories of dregs and of tbe arts of fpn-n^^c^ 
and dyeim, and even to-ds.'v are amonr tie 
mest Talced ingredients of some black inks. 
Tbev are first msntinced, cbiefiy as medicines, 
in tbe literature of tbe old pbrsicians and 
natnralists of Greece and Borne, tbe Aleppo 
gall and tbe bedegnar of tbe rose botb beins 
mentioned. PibsT tras tbe first to recommend 
pappms treated ttitb gall-nnts for tbe detection 
of iron in verdigris. Tbe first trork of import- 
ance is Malpigbi’5 ‘T)e GaHis,” published in 16S6, 
in Tdricb is advanced tbe tbeorv, long since 
disproved, that tbe excitation tras dne to a 
pois.3n secreted by tbe mother insect. ITncb 
literattire on plant galls bps since accnmnlated. 

SoTTECE. — ^The insects capable of prodnemg 
plant galls are princfpaliy species of Cyr.ip-i and 
Ap^i>. The tree oak-apple, bedegtiar of tbe 
rose, the oak-galL oak-spangles, etc., are all 
varietfes of gaUs produced by insects. The 
nature of galls varies considerably, according to 
tbe exciting cause and tbe plant afiected, bnt 
tbe oScial gaHs may be regarded as meta- 
morphosed shoots, the metamorphosis being 
induced by tbe gaE-— asp. The o5c:aI dreg 
GsUc BJ‘. is tbe variety of gaH produced by the 
trasp Cmips cdUs tirdorics Ofivier, of trbicb 
only tbe female is knoun, reproduction taking 
place partbenogenetically. By means of her 
ovipositor tbe ttasp deposits an egg betvreea tbe 


rudimentary leaves near tbe grotring point of 
young shoots of tbe scrubby oaks bdonging to 
tbe species Quercus irfedorirz OKvier "(dyer's 
oak), a small tree indigenous to Agia Minor and 
Persia. Tbe larva emerging fiom tbe egg trounds 
tbe create tissue vfitb its mandibles and simui- 
taneously introduces a secretian -wbicb stimu- 
lates rapid formation of tissue. 

Tbe netr tissue thus developed assumes a con- 
centric arrangement in wbicb the larva Irves, 
feeding on tbe starch produced by tbe cells. 
When mature tbe larva passes into tbe pupa 
stace, &om ttbicb tbe ttasp emerges and escapes 
by boring tbrougb tbe gall uitb its mandibles. 
Xo development of tissue tabes place tmtil a 
glandular secretioa passes &om the mandibles 
of tbe larva into tbe surrounding tissue vrbicb is 
aluays merismatic in nature. This formatioii 
of tissue continues as long as tbe exciting snb- 
stance is suppb’ed. but ceases should tbe larva 
perisb. Gabs should be collected preferably 
before the insect escapes ; afirer tbm has 
happened they become fighter in vreigbt and 
are less esteemed. 

It is snggested that tbe inter-relationship 
betn-een the gall producer and the plant is 
parasitic, tbe initial action of the larra beiag 
counteracted by tannin production on the part 
of tbe plant. Tbe gall-larva itself produces 
tar.rcsi, vbicb hydrolyses tbe tannin produced 
by tbs plant- Tbe interaction of the tannase end 
also of other enzymes produced by tbe larva, tritb 
tannin and its decompositionproducts,is sbotvo 
belotr (Ml Xierenstein, Xature, 1930, i25, 34S) : 
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I>ESC3i?iiort. — The galls produced on Querctss 
ijifsdoriG Ofivisr, knotvn commercially as 
Aleppo or TurL-gv galls, are nearly spherical in 
shape and vary &om 12 to 25 TnTri. in dia- 
X 2 gter. Tbe half near tbe stalk nsuafo has a 
smooth surface, oBen inefined. to be glosy, 
■nbereas tbe distal half is raised into lumps 
— bicb are often conical in shape. They are 
hard and heavy and of a bluisb-green or olive- 
green colour externally, yefiotrisb or brovmisb- 
vrbite vritbin. There is usually a small cavity 
in the centre in vrbicb tbs remain^ of tbe larva 
or of tbe gaH vtasp may be found. They have 
no odour but an intensely astringent taste. 
foUotved bv a slight Evreetness. Belotr tbe 
epidermis b a parenchymatous tissue difieren- 
tlated into three layers. Tbe cells of tbe outer 


] 3 ,ver have thick vralls and contain fiagments of 
tannin ; those of tbe middle layer have thinner 
■vtaHs and exhibit intercellular spaces, and also 
contain tannin. Tbe cells of tbe inner layer 
have -vTalls. are axially elongated and firmly 
adherent to one another ^ they contain tannin 
and duster-crystals of calcium oxalate. This 
tissue passes into a ling of irregularly pitted, 
sderencbvmatous cells containing small rounded 
starch grains vdtb stellate bilum. Tbe povder 
is treU characterised by tbe abundance of tannin, 
sclerencbymatous cells and characteristic starch 
grains. 

“ CovsTrrmrrs. — Tbe principal constituent 
of plant galls is tannic acid vrbicb, to dis- 
tinguisb it &om other varieties of t anni c 
add, is termed gnUolar.r.ic add. A typical 
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analysis of the Aleppo gall is giren 
Guibomt 

Per cent 


Tanmc acid 65 

Gallic acid , 2 

Ellagic acfd 1 2 

Lnteo gallic acid / 

Woody fibre 10 5 

Chlorophyll and volatile oil 0 7 

Brown extractive matter 2 5 

Gum 2 5 

Starch 2 

Moisture 11 5 

Sugar, albumen, KjSOi, potas 
Slum gallate, calcium gallate, 
oxalate and phosphate 1 3 


The red colour of oak^alls is usually ascribed 
to the presence of anthocyanins Dryopbantm, 
CjjHjjOjsi >5 the cause of the red colour m the 
red pea gall and is not allied to either the 
fiavones or the anthocyanins, but consists of 
purpurogalhn and 2 mol of glucose It sinters 
at 216* and has m p 219-220* Incidently this 
IS the first instance of purpurogalhn found m 
nature (M Nierenstein, J C S 1919 115.1326) 
ViBiETiES — European and Ntar Eatl — The 
best galls come from Syria and are known as 
Aleppo galls (Turkey or Levant galls) gall nuts 
or galls of commerce They are the galls formed 
by Cynxps jail* ltnelert£8 OUvier on Quereas 
asgilops, Q infictona Q pedunculala, and pos 
eiblyQ humxlis Those gathered earliest, namely 
in August or September, are of the highest 
quality, and are at first green but subsequently 
become darker and harder those gathered 
somewhat later, when the gall wasp has 
emerged are pale yellowish brown, and are 
known as ‘ white ” galls These are rather 
larger than dark galls, are bghter m weight and 
are considered to contain less gallotannic acid 
an opimon which is not always confirmed by 
analysis Galls allowed to bang until winter 
become pale reddish brown Three qnalities of 
Levant galls may be distingiushed (i) Alep^ 
galls, small (2 5 cm diameter) dark green to 
black in colour, (u) lighter coloured galls pre 
aenting the appearance of having been powdered 
on the surface, (m) Smyrna galls larger (3-5 
cm diameter), usually yellowish in tint The 
dark hued galls sink in water whereas the lofenor 
lighter tinted galls (even when dyed to mutate 
the former) float 

Galls of a similar type are obtained ui Southern 
Europe from the scrubby oaks (Quereus tesnh 
flora and Q pvbeacens Engbsb galls are smooth 
and globular and having been gathered late, 
after the emeigence of the gall wasp, are usually 
pale brown in colour and perforated by the exit 
hole gnawed by the inject They are much Ires 
active than the Aleppo galls, containing only 
15-20^ gallotannic acid The galls of Cyntps 
loQon Hartig, the so called marble galls or osik 
apples, are produced on several species of 
pwercue m Southern Europe, North ^^ca and 
Asia Mmor, and the gall wasp also occure in 
England where it is widely distributed The 
palls of Cynxpi eaUext Burgsdorff, known in 
Germany as Knoppem are formed on Quereus 
afilops, Q ptduneuiala, and occasionaDy on Q 


pvbetcens and Q aesstUflora They are 15-20 
mm long and 18-25 mm broad, dark brown to 
black m colour and almost woody They occur 
in Austna, Hungary, Slavonia, Serbia, Greece 
and Asia hlinor Their maximum yield of 
tannin is 50% 

The bedeguar, or mossy rose gall, is produced 
ly BhodxUa T 0 »R Linnffiua on several species of 
the genus Rosa It occurs naturally m Europe 
and West Africa and has been mtroduced into 
America 

Amenasn gaUs — Galls found on Qatrevs 
wens dosely resemble the Aleppo gall, con 
taming 40% tannm (Trimble, Amer J Pharm 
1890, 72, 663) Their maker has been identified 
by S A Rohwer as Rtsholoaspxs e\nerosa Tbs 
gall occurring in America on Rfius glabra differs 
from all those mentioned above, and is similar 
to the (Thmese gall mentioned below, in being 
produced by an aphid instead of a gall wasp 
He insect eoncemed lO its formation is identified 
as ifelaphis rhoxs Fitch 

Japamsi and Chxtuse galls are produced by 
^pAis sinensis Bell on Rhxis ssmialata They are 
of a very irregularly lobed shape, reddish brovn 
in colour, and covered with a thick grey velvety 

down Theyaielargelyusedinthemanufacturs 

of gallotamuc acid of which they contain about 
70% 

1 1 Plant Galls caused by Bacteria 

GaUs caused by bacteria show considerable 
variation and mav be divided mto three groups 

(o) Those in which the bactena occupy 
pockets and stimulate the surrounding cells, 
eg Ohveroot 

(6) Those m which the bacteria are within the 
cells, < g bacteria forming legume nodules 

(c) Those of the crown gall type 

A marked difference between some of the 
bacterial galls and galls due to other causes is 
the presence of tumor strands in the crown gsu 
Crown galls have received much attention in 
recent years because they show a cytolo^al 
eimilaxity to ammal and human cancer This 
18 especially true of galls formed by BaeUrxum 
tumefaciensandPfiytomonastumefaexens Tumors 
produced by B tumefaciens have been found to 
be similar in structure to those formed by in 
jectiOD of various chemicals into the intemodal 
cavities of Riemus The action of chemicals in 
producing tumors is paralleled by their ability 
to cause precipitation m tissue experiment 
(Kostov and Kendall, Arch Mikrobiol 1933, 4 
487) Vitamm C has been shown to increase 
the sire of tumors produced on tomato plants 
by P tumefaexens (Havas, Amer Chem Abstr 
1936, 80 1850) Growth substances obtained 
from P tumefacxens produce effects similar to 
those of heteroauxm iQ the bean hypocotyk 
These growth substances give the charactcnsUc 
test of fl mdolylacetic acid indicating that 
substance, or a closely related indole compound, 
IS the heteroauxone produced by Phytomonu 
tumefantna ( T.ink and Wilcox, Science, 1937, 86, 
126) Plant tumors contain a higher organic 
nitrogen content than the healthy tissues 
Pathogemc and nonpathogenic sister cell cnl 
tores of the crown gall of tomatoes grown above 


428 


GAKISTER. 


much as 98% of sdica Ttey pass msensiblj, | 
both laterally and vertically, into siliceons fire I 
clays (“ bastard ganister ”) The rock is von I 
by quarrying or underground mining, and is I 
crushed, ground and mix ed uath hme (1— li%)' 
or fire clay to act as a binder This mixture is 
moulded into bncks, which, after drying, are I 
fired at about 1600®, or it is apphed dire^y as I 
a furnace l inin g, or used for setting the bncks 
and patchmg and repairmg furnaces Gamster 
is also ground to a fine sand for use in casting 
iron and brass {See Mineral Resources of Great 
Bntain, ifem G^l Surrey, J9l8, 6 (2nd ed, 
1920). and 1920, 16, A B Searl“, “ Refractory 
Matenals,” 3rd ed , London, 1940 ) 

L J S 

" GARANCINE " (v Vol II. 624d) 

GARBAGE FATS. Under the name “gar 
bags fats,” or “ garbage grease " may be com 
pnsed all the fats recovered from household 
and similar domestic refuse (In the Uiuted 
States, hotel and restaurant wastes are usually 
disposed of separately and worked up for “ bouse 
grease ” or “ kitchen grease ”) Such refuse is 
generally collected by the municipal authonties 
and disposed of as soon as possible by consuaung 
it in specially designed destructors The method 
is simple, although theoretically wasteful, etnce 
the fat and other possible feeding matensb are 
destroyed with all the putrescible matter 
> The utilisation of domestic and hotel food 
refuse as pig feed has been practised as a war 
time measure m many European countries it 
was adopted for a time as a regular means for the 
large seme disposal of garbage by certain Amen 
can cities, but was abandoned on account of the 
difficulties involved m the collection and trans 
port of the fresh garbage, and also because the 
quality of the pork and lard obtained from hogs 
so fed was not suitable for the requirements of 
the American packing industry 

However, efforts have not been lacking to 
recover the considerable fat content of garbage, 
and in the United States especially, method 
for the rational disposal of this matenal have 
been developed 

An early process (worked m Buffalo about 
18S6) consisted in extracting the garbage with 
petroleum spirit, and a solvent plant was still | 
m use in Chicago in 1929, although Zapoleon 
writes that “ the city of Chicago is about to 
abandon (municipal) reduction and turn to. 
incineration ” (Zapoleon, “ Inedible Animal Fats I 
in the Umted States,” Fats and Oils Studies, 
Stanford Umv , I«o 3, 1929) 

Solvent extraction, however, has largely been I 
superseded by cheaper processes, comprised ! 
under the term “ reduction processes,” which 
are similar to the methods u<ed in the rendering i 
of bon© grease, •slaughterhouse greases and I 
inedible fata generally, and consist in boihng 
the garbage with steam under moderate pressure. 
After the boding, the mass is allowed to settle, j 
and the grea«e in the top layer is collected 
(The Indianapohs system of garbage collection 
and steam rendering is described in detail | 
Zapoleon, op eti pp 224-226) The grease is 
sold for the manufacture of low class soaps and 
lubricants It has a dark brown colour, and is | 
charactensed by the presence of a large amount ' 


of free fatty acids and unsaponifiable matter 
Not infrequently it develops an unpleasant 
odour when kept. 

Data collected by Zapoleon show that the 
eighteen laige cities m the United States which 
operated reduction plant processed rather more 
than a milli on tons of raw “ green ” garbage m 
the year 1928, the total production of garbage 
grease bemg estimated at about 22,300 tons 

L 

GARDENIA GRANDIPLORA. The 
fnut of the Gardenia grandtj^ora L , known as 
“ Wongaky,'’ is or was employed in (2una for 
dyeing yellow, as an assistant for the production 
of green colours, and in conjunction with 
safflower 

Rochleder and hlayer (J pr dem 1868, [i], 
74, 1) isolated from it pectin, the rubichlonc 
acid (chlorogemn) which is present lu madder 
(Rochleder, Annalen, 1851, 80, 321), tannin and 
a red amorphous colouring matter apparently 
identical with the crocin of saffron (Crocus 
aa(ttiis} By hydrolysing the colouring matter, 
Ku^, TVintersfein and Wiegand (Helv Chim 
Acta, 1928, 11, 716) obtained crocetm, identical 
with the product isolated from safflon 
Bancroft, * Philosophy of Permanent Colours,” 

I London, 1813, p 285, mentions the use of 
I the Gardenia Jhnda L. by the Chinese for the 
dyeing of scarlet under the name of “ imki ” 
From the frmt of this plant, which some botanists 
I bebeve to be the same as, or at least veiy similar 
to, G ffrandifiora, Mnnesada (J Pharm Soe 
Japan, 1922, No 486, 666) isolated the coloiinsg 
j matter by extraction with water Hydrolysis 
with acid yielded an amorphous powder which 
was shown to be identical with crocetm 
I The DteamaUe or Dekamah gum, which is 
' obtained in India from the Oardenta luetdc, con- 
tains, accordmg to Stenhouse and Groves 
(Annalen, 1880, 200, 311), gardemn, C^iHkO,. 
deep yellow crystals, m,p I63-]64®,iiiaDlablein 
water and alkaline solutions Addition of mtnc 
aad to a hot solution of the colouring matter m 
acetic acid yields gardenic acid, CnHjpO j, deep 
crimson oodles, m p c 223® (decomp ), the 
diacelyl derivative of which forms bnght orange- 
red needles darkemng at 230® and meltmg at 
about 224® Gardenio acid is converted by 
means of sulphuroua acid into hyirogardenie 
acid, lustrous needles, m p 190* 

It IS improbable that gardemc acid is a car 
boxylic acid, as was at first assumed , its 
behaviour with reducing agents and with alkaline 
solutions points rather to a quinone grouping 
A (3 P and E J C 
GARCI N I N (this Vol , p 3S0a) 
GARCINOL (this Vol, p 3806.C) 
"CARDENAL'' (i Vol I, 623a) 

GARDENIC ACID r Gabdesia Geasdi- 
mOBA 

GARDENIN v Gabubnia Gbancifloba 
GARDEN lOL. The perfume known as gar 
demol w phenylmethylearbmyl acetate, 
PhMeCH OAc 

It occurs naturally m gardema oil, and is pre- 
pared artificially and used in fine floral perfumes 
Phenylmethylcarbmol is also known as 
a pbeoylethylalcohol 
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the foUowing characters: I Only exceptionally is the composition of actual 


m.p. zvil - ; D.p. :;U4-207 “ ; sp.gr. 1-018 at 15-5 ° ; 
rotation ^0°; ref. ind. 1-5273 at 20°. The 
acetate has b.p. 218°; sp.gr. 1-069 at 15-5°; 
• and ref. ind. 1-5048 at 20°. 

. E. J. P. 

GARLIC. — AUium sativum. A plant grown 
largely in Mediterranean countries. The onion- 
like bulb forms the well-known condiment. A. 
scorodoprasum (or rocainboll), a related species, 
^ows wild in certain parts of Europe and ako 
in the east. A. vineale, a smaller wild species, 
often occurs in pastures and if eaten by cows 
may contribute its characteristic odour to milk. 
Konig records the analysis of A. sativum bulb 
as : water 64-6, protein 6-8, fat 0-1, carbohydrates 
26-3, fibre 0-8 and ash 1-4%. A later analysis 
(Agcaoili, Philippine J. Sci. 1916, 11, 91) 
showed water 88, protein 2-2, fat 0-32, N-fi-ee 
extractives 7-27, fibre 1-17 and ash 1-03%. 
The odoriferous principle of garlic is an essential 
oil (approx. 0-2%) which according to Semmler 
(Arch. Pharm. 1892, 230, 434) consists of allyl 
disulphide 60%, a trisulphide 

CaHs-S-S-S-CjHj; 

20% with smaller proportions of aUyl propyl 
disulphide. Other workers record the presence 
of allyl isothiocyanate. Braecke (Mem. Acad, 
roy. Beige, classe sci. 1921, [ii], 6, No. 6, 1) has 
isolated a sulphur-containing glycoside, hydro- 
lysed enzymically to fructose and a volatile oU. 
K. Daigo (J. Chosen Med. Assoc. 1935, 25, 
439) in an examination of A. scorodoprasum also 
reports the occurrence of a glucoside alliumin 
yielding glucose and magnesium aUyl sulphide 
and attributes the odour of the bulbs to an 
essential oil derived fi-om the breakdown of the 
glucoside. Chevastelon (J. Pharm. Chim. 1895, 
[vi], 2, 83) obtained inulin from garlic bulbs, it 
showed a specific rotation of —39°, was hydro- 
lysed by acid and by mutase (from Aspergillus 
niger) to lievulose, but was unacted upon by 
yeasts or amylase. A fiructah scorodose, hydro- 
lysed largely to Isvulose, has been isolated 
from A. scorodoprasum by T. Kihara (J. Agric. 
Chem. Soc. Japan, 1935, 11, 548). 

A. G. Po. 

GARLIC, ESSENTIAL OIL OF v. 

Gaeuio. 

GARNET (Ger. Granat; Er. Grenat). A 
group of minerals differing widely in chemical 
composition, but all conforming to the general 
orthosilicate formula R 3 "R 2 "'(Si 04 ) 3 , where 
R"=Ca, Fe, Mg, Mn ; and R'"=AI, Fe, Cr, 
or rarely Ti. The following principal types may 
be distinguished : 

Calcium-iron-gamet Ca 3 Fe 2 Si 30 j 2 

Andradite' 

Calcium-chromium-gamet CagCrjSiaOjj 

TJvarovite 

Calcium-aluminium-gamet Ca 3 Al 2 Si 30 j 2 

Grossular 

Iron-aluminium-gamet Fe 3 Al 2 Si 3022 

Almandine 

Magnesium-aluminium-gamet Mg 3 Al 2 Si 30 j 2 

Pyrope 

Manganese-aluminium-gamet M n3 A 128130 j2 

Spessartine 


garnet crystals as represented above. As a rule, 
several, or even all, of these compounds enter 
into isomorphous mixtures ; and whilst there is 
generally a preponderance of one or other of 
them, this is not always the case. All the mem- 
bers of the group crystallise in the cubic system, 
usually with the form of the rhombic dodeca- 
hedron or the icositetrahedron, or a combination 
of these. The crystals are often rounded or 
granular in form. There is no cleavage, and the 
lustre often inclines to resinous in character. 
Corresponding with the wide range in chemical 
composition, these minerals exhibit a wide range 
in colour (yellow, brown, red, green, black, rarely 
colourless, but not blue), transparency, sp.gr. 
(3-15—4-3), hardness (6^7j), and mode of occur- 
rence. They occur as primary constituents of 
i^eous rocks ; in gneisses, schists and crystal- 
line limestones ; in veins and encrusting the walls 
of crevices in rocks. Granular rocks composed 
wholly of garnet are also known. 

The chief application of garnet is as a gem- 
stone, of which there are several beautiful 
varieties. Hessonite, or cinnamon-stone, is a 
variety of calcium-aluminium-gamet, contain- 
ing small amounts of ferrous and manganous 
oxides; its colour is a warm yeUowish-red- 
Almandine is deep red, often with a violet tinge. 
Pyrope (Bohemian garnet, “ Cape ruby ”) is a 
fiery red. Rhodolite, a variety midway between 
almandine and pyrope in composition, is remark- 
able for its dehcate rhododendron-red colour. 
Demantoid is a calcium-iron-gamet of a rich 
emerald-green colour and with a brilliant lustre 
and a dispersion of the refractive indices even 
higher than in diamond. 

Garnet is also used as an abrasive agent, 
mainly in the form of sand, for sawing and 
grinding stone and for making garnet-paper 
(often sold as “ emery-paper ”). Owing, however, 
to its lower degree of hardness, it is of less value 
than corundum and emery. Practically the 
whole of the massive garnet used for this 
purpose is mined in the eastern United States, 
principally New York, but also Connecticut, 
Pennsylvania and North Carolina. The output 
amounts to about 5000 tons per annum, valued 
at about £6 per ton. In the garnet-mining dis- 
trict of the Mittelgebirge in northern Bohemia, 
the small material, left after picking out the 
stones suitable for cutting as gems, is used for 
gravelling garden walks. 

Xj. j. S. 

GARNI ERITE. A hydrated silicate of 
magnesium and nickel, of importance as an ore 
of nickel. It is soft and earthy, greasy to the 
touch, and usually of a bright apple-green 
colour; sp.gr. 2-3-2-S. The composition is 
variable (SiOo 35—52, MgO 2—37, NiO 2—50, 
H ,0 10-20%)', and the material is probably 
a mixture. It may be regarded as a hydrated 
magnesium silicate, allied to serpentine, in 
which variable proportions of magnesium are 
replaced by nickel. The darker green varieties 
are sometimes distinguished by the name 
noumeite (from Noumea in New Caledonia), the 
name gamierite (after Jules Gamier, the dis- 
coverer of the New Caledonian nickel ores) being 
reserved for the lighter- coloured varieties. A 
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employed for lighting purposes the gas evolved 
by the distillation of -srood, the date of his first 
patent being "1799. At peace celebrations in 
this country in 1802 a public display of the new 
gas fighting was given. This was followed by 
the installation of gas-fighting plant in a number 
of factories and large bouses. 

In 1806 F. A. Winsor, a Moravian, arrived in 
this country. He came with an ambitious 
scheme, originated by Lebon, for the erection of 
a gasworks for a public supply of gas. His 
proposals “ to provide streets, squares and 
houses with gaseous fights by means of conduct- 
ing tubes underground from distant furnaces, 
on the principles as houses are now supplied 
with water,” met with considerable opposition 
from the timid and the superstitious and also 
from vested interests. It is probable that the 
extravagant claims made, notably regarding 
financial returns, adversely affected his case. 
In spite of opposition, Winsor fighted the street 
of Pall MaU, London with gas in 1807 as an 
earnest of his intentions. At the inquiry which 
followed, Winsor and his witnesses commended 
the safety and cheapness of gas for fighting, the 
value of coke as a smokeless fuel and the use- 
fulness of tar and ammom'a. 

Winsor received considerable assistance from 
Fredrick Accum, a chemist whose investigations 
had already made him well known in London. 
Prior to Winsor’s first patent in 1804, Accum 
had already interested Hmself in the chemistty 
of gas production and, at the request of the pro- 
moters of the new company, conducted an ex- 
tensive series of experiments. In his testimony 
before the Committee of the House of Commons 
appointed in 1809 to consider the application 
for a charter, Accum described his experiments 
in the utilisation of the by-products of gas 
manufacture. These experiments are important 
for they represent the first efforts for the utilisa- 
tion of these important by-products. Parlia- 
ment eventually passed a bill which permitted 
the incorporation of Winsor’s Company in 1810, 
and the Chartered Gas Light and Coke Company 
was established in 1812, with Accum on the first 
board of directors as practical chemist. This 
company still continues under the name of the 
Gas Light and Coke Company. 

Other companies followed that of Winsor, and 
in a comparatively few years the manufacture of 
gas became general practice. In 1847 Parlia- 
ment controlled the powers of gas companies 


and prohibited the production of gas of inferior 
quality, and in 1860 areas of supply were 
located to each undertaking. From that date 
the gas industry has steadily increased. 

The almost exclusive use for coM gas until the 
last quarter of the 19 th century was for fighting 
purposes, by utilising the luminosity developed 
by burning it, the illuminating power being a 
quality of the first importance. The method 
formerly employed consisted in burning the gas 
in open flame burners. The introduction of the 
incandescent mantle by Auer von Welsbach in 
1887 revolutionised gas fighting. This method 
of fighting, in which a mantle composed of 
thoria and ceria is heated to incandescence by a 
Bunsen flame, has replaced the old “ batswing ” 
burner which is now obsolete. With the in- 
candescent burner, the fight evolved is depen- 
dent mainly on the calorific power of the gas, 
but has no direct connection with its illuminating 
power when burnt in open flames. Moreover, 
during the last 50 years, a steady increase in the 
employment of gas for the purposes of heating 
and cooking, as well as for the production of 
power in gas engines, has also emphasised the 
fact that the calorific power of the gas is of 
primary importance so far as the great bulk of 
the gas supplied is concerned. 

Until about 1880 gas undertakings were sub- 
jected to little effective competition, but from 
that time competition has steatfily increased, 
on the one hand from electricity and on the other 
from the introduction of cheap mineral burning 
oils. The stimulus of effective competition has 
resulted in a much more rapid advance, both in 
the technical aspects of the manufacture of the 
gas and in the commercial methods adopted for 
its sale. 

It will be imderstood that gases derived from 
sources other than the carbonisation of coal (e.g. 
blast-furnace gas, refinery and natural petroleum 
gases, etc.) can be used in certain circumstances 
for purposes si mila r to those for which coal gas 
is employed. In this section, however, only 
the production of what is ordinarily known as 
coal gas will be considered, that is the gas dis- 
tributed from the gasworks for public use and 
capable of being employed at the desire of the 
consumer for fighting, heating or power purposes. 
The magnitude and extent of this industry and 
the maimer in which it has extended during 50 
years is shown in Table I, giving the summary 
of the figures in the Board of Trade returns for 


Table I. — Gbowth of the Gas Ixetistbt. 
(Figures relate to authorised undertaldiigs.) 


Year, 

Capital 

employed. 

£. 

Length 
of gas 
mains. 
Miles. 

Js’mnber of 
consumers. 

Coal 

carbonised. 

Tons. 

Coal gas 
made. 
1,000 cu. ft. 

Water gas 
made. 
1,000 cu. ft. 

Coke oven 
gas 

purchased. 
1,000 cu. ft. 

Total gas 
sold. 

1,000 cu. ft.= 

^1885 

^1905 

^1913 

^1920 

1927 

1935 

1936 

1937 

55,132,986 

124,194,221 

139.727,277 

153,266,091 

183.405,321 

220,656,515 

225,849,568 

233,149,039 


II 

■ 

84,637,728 

155,167,831 

195,826,569 

219,718,988 

246,113,651 

260,505,328 

274,949,811 

279,453,806 

_ 

19,736,859 

23,778,609 

38,225,179 

47,130,358 

32,354,744 

27,458,821 

27,359.581 


|ljl| 


^ Includes Ireland. , = Includes relaUvely smaU quantities of Jlond gas, producer gas, etc. 
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all authorised gas undertakings belonging to 
700-S00 atatutorj gas companies or local autbo 
nties for the years 1885-1937 
This table does not include the production of 
private companies, but their combined output 
13 relatively very small and would not materially 
affect the figures The total amount of coal 
carbomsed by these small private undertakings is 
only about 700,000 tons annually , i e less than 
4% of the total 

In addition to the gas output, coke, tar and 
ammoma are also produced in large quantities 
as by products The amounts produced by 
authorised undertakuigs in 1930 were as 
follows 12,286,000 tons of coke and breeze 
233,650,000 gallons of tar and 86,345 tons of 
sulphate of ammomft (Board of Trade Return) 
So far ns the actual carbonisation of the coal 
is concerned, kluidoch, after experimenting 
with difi'erent types of retort, settled down to the 
employment of long narrow retorts set bon 
zontally The coal was charged into these all 
at once, a free space being left above the charge 
throughout the whole length of the retort 
The charge was then allowed to remain in the 
retort until completely carbonised, when the 
residual coke was raked out and the retort re 
charged with more coal At first cast iron 
retorts were employed, but the rapid wearing 
of these, especially when the temperature of 
carbonisation was increased, soon led to the 
substitution of fireclay for cast iron 
After the coal gas industry became firmly 
estabhshed there was for a long time no material 
alteration m the principles of manufacture 
evolved by llurdocb and lus immediate sueees 
sors, prominent among the latter being Samuel 
Clegg and his son, Samuel Clegg. ]unr At the 
same time very considerable changes took place 
m the details of the plant and m the construction 
of apparatus of laigcr size, coincident with a 
constantly increasing demand for gas 
The carbonisation of the coal and the treat 
ment of the hot volatile products issuing from the 
retorts to obtain a gas suitable for distribution 
still, broadly speaking, follows the lines adopted 
in the earher days of the industry These pro 
ducts are first cooled to approximately atmo 
spheric temperature, when considerable vapours 
liquefy, forming tar, and the steam present m 
quantity condenses to water This water die 
solves part of the ammonia uhich is present in 
the crude gas as well as other gaseous imponties. 
notably hydrogen sulphide and carbon dionde 
The remamder of the ammonia is removed by 
washing with water For the further purtfi 
cation of the gas after ammoma removal, it must 
be subjected to a process for the ehmination of 
hydrogen sulphide This was effected in the 
earhest stages of the industry by trestment with 
milk of hme» This was later replaced by mois 
tened slaked lime, placed m layers in a closed 
punSer, constructed m such a manner tbst tbe 
gas filtered through successive layers of this 
material Still later, shked Lmo was replaced by 
hvdrated feme oxide pheed m similar punfiera 
This last substance, unhke the slaked lime.does 
not simultaneously remove the remainder of the 
, carbon dioxulo present in the gas It was either 
I separately removed by lime orallowed to remain 
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Rarly researches on ammoma recovery and gas 
purification aro associated with the name of 
Richard Laming, whose activities are reflected 
in the patent literature of the period 1841-64 

The technical adiances, until comparatively 
recent times, involved no great alterations m 
principle They consisted generaUy in ini 
proving the efiiciency and economics working 
of the plant employed, and m the mtroduction of 
mechanical transport for the large quantities 
of material to be dealt with, including the adop 
tion of labour saving machinery Further, the 
temperatures at which the coal is carbouued 
have been increased, resulting in a larger yield 
of gas per ton of coal 

The present century has witnessed consider 
able advances in the technique and efficiency of 
gas manufacture These advances have been 
comcideut with the extensive development of 
gas as a heating medium for both domestic and 
mdustrial purposes Thera ha\e been sinking 
reductions m the cost of gas manufacture, due 
to the adoption of scientific control of the works, 
coupled with more efficient methods The 
purity of the gas sold and the thermal efficiency 
of its utilisation have also improved Standards 
of gas punty aro prescribed by Farhament, but 
the gas industry has gone far ^yond these 
standards and has introduced additional refine 
ments, such as the removal of naphthalene and 
moisture In addition, progress is being made 
ID the removal of organic sulphur compounds 
and recent research suggests the probability of 
further important advances m this direction 

From the pomt of view of conserving national 
fuel, the efficiency of the carbonisation process 
as measured by the heat value of the products 
sold from a gasworks varies ftom 76 to 87% of 
the heat energy of the coal treated The attain 
ment of this efficiency is reflected m the figures 
shown in Table II Mow In this the average 
quantity of gas produced each year, per ton of 
coal, by authorised undertakings, has been cal 
culated from the Annual Returns of tbe Board 
of Trade It will be seen that a halt has been 
reached m tbe ratio of gas tocoak It should not 
be assumed from this, however, that finality in 
carbomsation development has been reached 

Table II 


Year 

Qas per ton of coal 
cu n. 

1010 

12,100 

1024 

13,380 

1029 

14,245 

1034 

15,004 

1037 

14,984 


The net thermo chemical effect of the gas 
making process is sbght, the potential heat of tbe 
products of high temperature carbonisation 
bemg about the same as that of the original coal, 
though ft should be reahsed that this equivalence 
would not be maintainerl with all coaU or at all 
temperatures In practice it is of course neces 
snry to expend heat, by combustion of part of 
the coke, to maintam the coal at the reaction 
temperature and to make good the losses of 
sensible and latent heat in the products of the 
zeactioQ The present high working efficiency 
u a reflection of modem tecbmque with plant 
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■vrliicli makes possible the recoveir and utilisa- 
tion of a conaderable proportion of the heat 
expended. The hot bnmt -n-aste gases derived 
fiom the fnel used for heating the retorts are led 
to an ap^ratns vhere the heat is given np to the 
air entering the fnmacets, hereby effecting con- 
siderable economy in fheL Any heat remaining 
after this in three gases may then be nsed to 
generate steam in a special type of boiler, fcnotm 
as a -waste-heat boiler. Steam fiom tbi^ sonrce 
plays an important part in the economy of the 
modem gasworks, where almost all operations 
are carried out mechanically. Coal, coke and 
stores are treated and transported by machinery 
and the gas itself has generally to be pumped into 
the supply area by boosters increasing the pres- 
sure resulting fiom the dead weight of the gas- 
holders. 

An examination of the Board of Trade Returns 
relating to authorised gas undertakings in 
Great Britain reveals that the number of under- 
takings — ^706 in 1937 — has been showing a steady 
decrease for a number of years- This is a con- 
sequence of rationalisation by amalgamations 
and absorptions. The recent advent of holding 
companies also operates in the same way. 

The general legislative principles adopted in 
the control of statutory gas-undertakings were, 
up to the year 1913, as follows : In the case of 
gas undertakings controlled by local authoritire, 
a certain miniTnuTn fllnminating power was pre- 
scribed in the Special Act relating to the under- 
taking, and, in addition, the maximum price 
which could be charged per 1,000 cm ft. of gas, 
and the usual clauses -with regard to sinking fund 
for repayment of capital, lu the earlier period, 
undertakings owned by companies were treated 
in e somewhat similar mann er, their minimum 
illnminating power and a maximum price being 
prescribed, and also a maximum dividend pay- 
able. It -was also usually provided that any 
new capital raised by such companies must be 
sold either by auction or by tender and not 
issued at its par value. Later the maximum 
price and maximnm di-ridend clauses were 
dropped in the case of the majority of the 
statutory companies, and replaced by the 
adoption of a “ standard price ” and “ standard 
dividend,” and a sliding scale introduced, where- 
bv for each penny the price of gas was reduced 
brfow the standard price, an additional dividend 
(mostly about one-eighth per cent.) -was payable 
above the standard dividend and rice versa, if 
the price of gas increased above the standard, a 
simflar amount had to be deducted fiom the 
dividend payable. These shding-scale clauses, 
which made it to the interest of the gas com- 
panies to reduce the price to its lowest possible 
figure, had given general satisfiction up to the 
outbreak of war in 1914, but the great increase 
in costs of coal and other materials so increased 
the cost of gas above the standard price that 
the sKding si^e resulted in a very great reduc- 
tion, and in some cases a disappearance of the 
dividend payable. As a temporary measure, a 
short Act was passed in 1917 whereby it was 
enacted that until the end of the war the sliding 
scale clauses should not be operative after they 
had reduced the di-vidend payable to two-thirds 
of the standard dividend. 

Ton. T.— 28 
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I In the years just preceding 1913 a few under- 
takingH had received Parliamentary sanction for 
the substitution of a calorific-power standard for 
an inominatmg standard. The actual illumi- 
nating power prescribed varied considerably 
■with the different undertakings, according to 
the conditions of coal supply and the character 
of the demand for gas. lie abnormal conditions 
during the war period 1914-18 saw a material 
reduction in the illuminating and calorific power 
of the gas in most cases, partly due to the coal 
and oil shortage and partly due to the difficulties 
of plant maintenance. Owing to the abnormal 
state of affairs, the various statutory stipulations 
as to the illuminating or calorific power of the 
gas to be supplied by the various gas under- 
takings were practically suspended At the 
condnsion of the war, the Fuel Research Board 
! of the Department of Scientific and Industrial 
Research were asked by the Government to 
report on the matter of the future control of the 
industry. The recommendations made, modified 
in certain, details after cansiderati'an by the 
Board of Trade and consultation with the gas 
industry, were made statutory by the Gas 
Regulation Act of 1920. By this Act, funda- 
I mental and far-reaching alterations were made 
in the conditions under which statutory gas 
undertakings were to carry on their business. 

The most fundamental change made by the 
Gas Regulation Act of 1920 was that of the 
basis upon which the gas is charged In place 
of a ch^e based on the volume of gas (1,000 cu. 
ft.), the charge was made on the number of 
British Thermal Units contained in the gas 
supplied or, in other words, on the potential 
energy contained in the gas. All stipulations 
as to the flluminating power of the gas were 
repealed- The um't of measurement is taken as 
100,000 British Thermal Units, which is defined 
by the Act as “ a therm.” Each undertaking is 
free to declare what calorific power of gas per 
cubic foot it will supply, having regard to its 
local conditions in respect of coal supplies, manu- 
facturing plant, etc., but it must then maintain 
I such declared calorific power as a minimum, 

! under penalty for failnre. Supply of gas of a 
calorific value differing firom the declared value 
may be made only after due notice of such 
alteration, -with h'ability on the part of the gas 
undertaking to carry out at its own cost any 
necessary adjustments of consumers’ appliances. 
In order to ensure that the calorific value 
declared by the gas undertaking should be main- 
tained, -the Act required the Board of Trade to 
nominate three Gas Referees, one at least to be 
a person hating practical experience in gas 
manufacture and” supply. The principal duty of 
these Referees was to prescribe times, places 
and methods for the testing of gas for calorific 
value, for pressure and for purity in respect of 
fi^edom fiom hydrogen sulphide. The appoint- 
ment of the gas examiners required to carry out 
the necessary tests was left to local authorities, 
a Chief Examiner being appointed by the Board 
of Trade to decide cases of appeal A survey 
made in 1937 showed that 90% of the gas sold 
in this country had a calorific value of fiom 450 
to 500 B.Th.U. per cu. ft. 

The powers of the 1920 Act were amended and 
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extended by the Gae Undertakings Acts of 1929, 
1932 and 1934 The first two contain a nnmbet 
of provisions regarding financial powers and 
extend the scopO of authont} of the Board of 
Trade 

The Gas Undertakings Act, 1934, makes a 
number of important changes in the principal , 
Act and introduces a number of new principles 
into Gas Law Under this Act the machinery ; 
for carrying out official testa on gas quahty is 
changed The office of Chief Gas Examiner is 
abohshed and any appeal bes with the Board 
of Trade From January 1, 1939, the office 
of Gas Referees is also abohshed and their duties . 
will be discharged by the Board of Trade Also, I 
by this Act, all non statutory undotakings ' 
making more than 30 milbon cu ft per annum 
are required to apply for statutory powers 
Modified provisions are extended to compames 
making between 20 and 30 miUion cu ft per 
annum Another clause iacihtates closer co 
operation between undertakmgs with regard to 
the giving and taking of bulk suppbes 
In recent years the gas industiy has been pur 
chasmg coal gas from the coking industry, i e 
the mdustry devoted to the manufacture of 
coke for smelting purposes (see Coes Mamtt 
FACTUBE, Vol III, 2<39) This development has 
been discussed by Phibp Dawson (J Inst hHiel. 
1937, 11, 1) who points out that improvement in 
oven design has resulted m considerable economy 
in consumption of fuel (t « by product com 
gas) BO that the volume of surplus gas has 
substantially increased as ovens have been 
modernised The older type of coke oven, 
known as the waste heat oven which consumes 
practically all the gas produced, is gradually 
being replaced by those of the regenerative type 
These latter now treat over 70% of the total 
quantity of coal carbomsed bj the coking in 
dostiy At present about 60% of tbe gas pro 
duced IS used as fuel for heating the ovens and 
22~23% 18 absorbed in coke oven auxibaiy plant 
Of tbe surplus the gas industry purchues be 
tween 10 and 11% The actual quantities 
purc'hased 'Have *0660 increasing lor some years , 
the figure for 1936 was 24,531 miUion cu ft, 
as compared with 20 474 milbon in 1935 (16th 
Ann Report Secy for JLnes 1937, 21} 

An Area Gas Committee was appomted in 
1928 to investigate the practicabihty of unifying 
the gas supply m certain specified areas The 
Comnuttee reported that such a general scheme 
was not justified, but recommended that a net 
work of mams should be provided to collect gaa 
from a number of coke ovens in an area between 
Barnsley and Sheffield Tbe Sheffield Gas Acta 
nd Orders resulting from this recommendation 
ested the rights to collect and distnbute thia 
as in the Sheffield Gas Company This Sooth 
'orkshire Gas Grid has made considerable pro 
ress The maximum quantities of coke oven 
as contracted for hare proved biadeqiiale to 
leet the increased demands made by mdnstnal 
and, as a result, additional supplies 
obtained and further extensions are 
d The total length of tbe gnd 
1036 was about 28 miles (ibid) In 
Departmental Committee of the Board 
do considered the possibibty of co 


ordinatmg the manufacture and distribution of 
gas in the West of Scotland The Comnuttee 
concluded that the estabbshment of a gas gnd 
scheme over a wide area was not eeonomicallv 
practicable, but recommended that certain 
B^cified undertakings should take suppbes of 
coke oven gas 

The long distance distribution of coke oven 
gas has been extensively developed in Germany 
where gas derived from pit head coke ovens m 
the Ruhr is fed to a large area by means of a 
network of high pressure mains A pipe bne 
system havmg a total length m excess of 500 
miles IS designed to serve an area with a popu 
lation of about 3 000,000 The Ruhrgas A G 
propose to extend the existing area by the con 
struction of two long distance high pressure 
mams, so that gas made in the Ruhr may be 
sent to still more distant parts (Chim et lod 
1936, 26 227) One mam will extend from 
Ooiogne to Bonn and tbe other from Siegen to 
Frankfurt on Mam The latter is of particular 
interest from the techmcal viewpoint, as it is 
designed to carry gas at a pressure m tbe region 
of 30 atm In the existing long distance mams 
the pressure is from 4 to 6 atm The potential 
supply of surplus gas available has been esti 
mated to exceed 230 bilbon cu ft per annum 

The development of the oil fields in the United 
States has made available very large quantities 
of natural gas of high calonne value and tbe 
long distance transmission of this gas, whereby 
It has become available m districts remote from 
the oil fields, has profoundly affected American, 
and to a lesser extent Canadian, gas practice. 

I Tbe effect upon gas manufacture can bo reabsed 
when it IS seen that the U S Bureau of Mines 
estimates consumption of natural gas m the 
UmtedStatesm lD36,at 2,167,668.000,000 cu ft 
(U S Bur I^Iines ^Imerals Year Book, 1937, 
1055) This figure is 13% more than that for 
' 1935 In addition to distribution by means of 
long distance mams, petroleum gases arehquefied 
and distributed in cylmders under pressure 
This ** bottled gas,” consisting essentially of 
propane and butane, is distributed to industrial 
and domestic consumers, and is of particular 
value in districts not served by mams Some 
75 nullion gallons were marketed m 1936 (Gas 
Ago Rec 1937, 78, No 4, 29) The consumption 
of bquefied petroleum gases by the manufactured 
gas mdustry m the United States is estimated at 
9 milhon gallons for that year A number of 
installations to enable the use of propane and 
butane for stand by and enrichment purposes 
have been constructed ft Gas Liquefied 
Hxdbooahbov (Bottle Gas)] 

Propane, butane and other saturated hydro 
carbons are formed m all reactions resulting 
from the pressure hydrogenation of coal and 
coal tar, and some hundreds of road vehicles 
are already operatmg satisfactonly in Germany 
On “nch” gases of this type Traenckner 
(Brennstoff Chem 1934, 15, Wirtsch 94) states 
that there are six types of gas available in 
Germany as potential sources of motor fueL 
Four of these are derived from the carbomsation 
of coal, namely, “ Rnhrgasol,” methane, coke 
oven gas and town s gas 

The DSC of compressed coal gas as a motor fuel 
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which, in addition to yielding a large volume of 
gas, also forms a plastic mass during the early 
stages of the carbonising process and results 
finally in the production of a coherent coke of 
good commercial value. The non-caking bitu- 
minous coals, even when yielding a large volume 
of gas, give only a poor coke. These are, there- 
fore, employed only in isolated cases where local 
conditions are such that non-caking coats arc 
obtainable at a cost sufficienth- below that of 
caking coals to compensate for the lessened 
value of the coke produced. 

Studies by J. Roberts, by E. V. Evans and by 
others of the formation of coke during the car- 
bonisation process, of the escape of volatile pro- 
ducts from the heated coal mass and of the 
structure of the coke itself, have suggested that 
in certain circumstances advantages are to be 
gained by blending the caking coal with a non- 
caking coal or even with coke breeze. The main 
object of coal blending is the production of coke 
of an improved quab'ty, but it may also increase 
the thermal efficiency of the process. In addi- 
tion it may facilitate the use of a coal not suit- 
able alone, and it may enable the conversion of a 
material of low value, such as coke breeze, into 
saleable coke. The whole subject of coal blend- 
ing and its r61e in the production of solid smoke- 
less domestic fuel has been dealt with by J. G. 
King (Trans. IVorld Power Conference 1028, 2, 
348). 

The chief suppUes of gas coal occur in the 
Newcastle or Durham district. South Yorkshire, 
Lancashire, Derbyshire and North Staffordshire. 
In 'considering its source of coal supplies, a gas 
undertaking must take transport costs into 
account and for this reason will, in general, 
purchase from the nearest coal-field producing a 
suitable quality. In the London district, how- 
ever, and also for the most part in the South 
and South-West of England the main supply is 
drawn from the Durham field, the greater dis- 
tance away of these coUieries being more than 
counter-balanced by the fact that the coal is 
brought for the greater part of the way by coast- 
ing steamers instead of by rad, thus reducing 
the cost of transport. 

The coals obtained fi'om the different seams in 
the same district, and often even from the same 
seam, vary considerably in their gas-making 
properties. Nevertheless, the coals from each 
distnet have, as a rule, certain characteristics 
which distinguish them from those of other 
localities. This is especially the case with the 
coals from the Durham field which, for the most 
part, undergo carbonisation more slowly than 
the others under similar conditions and yield 
a harder and denser coke. They also yield a 
thicker tar of higher specific gravity and, in 
general, give a somewhat lower yield of ammonia. 
The North Staffordshire coals also yield gas coke 
harder than that from Yorkshire, Derbyshire or 
Lancashire coaL 

While bituminous coal is the type of coal 
normally used for gas manufacture, mention 
should be made of two other types which have 
received consideration. Brown coal, or lignite, 
has been the subject of considerable investigation 
in Germany where large deposits occur. This is 
DOW being used on a commercial scale in that 


COAL. 

country. It has been necessary to evolve a 
special tcchm'que, one of the main difficulties 
being a high moisture content. Brown coal from 
the mine contains 50-60% of moisture and must 
be dried before carbonisation. When dry it is 
usually so finely divided that its direct carboni- 
sation presents difficulties and briquetting is 
generally necessary. The properties of the 
products of brown coal carbonisation have been 
discussed by W. AUner (Trans. Chem. Eng. 
Congr., World Power Conf. 1936, 3, 47) who gives 
a description of that industry in Germany. 

Cannel coal, formerly carbonised in some 
quantity, is not now employed to any extent 
for the manufacture of gas in this country. The 
coke obtained by the high-temperature carboni- 
sation of cannel coal is in general of inferior 
quality. Recent investigation of the carboni- 
sation of this typo of coal (Inst. Gas Eng. 
Comms. No. 135, 1936; No. 162, 1937) has sug- 
gested the desirability of a national assessment 
of the available quantities of caimels of suffi- 
ciently high quah'ty for gasification purposes. 

The classification of coals into groups, such as 
“ gas coals,” “ steam coals,” etc., according to 
their suitability for specific purposes, is the out- 
come of accumulated experience in the past and 
still retains a certain usefulness for commercial 
purposes. Now, however, that modem know- 
ledge has made it possible to use coals of greatly 
varying characteristics for the same purpose 
merely by alterations in technique, such a super- 
ficial classification may be misleading. It is 
more satisfactory to characterise a coal from 
some frmdamental property to which other 
properties are related. Degree of metamorphism 
answers to this requirement and has been made 
a satisfactory fundamental basis for the scientific 
classification of coals. It is found that the degree 
of metamorphosis or “ rank ” of a coal may be 
indicated by its position on a chart made by 
plotting carbon content against hydrogen con- 
tent, or calorific value against volatile matter 
content (all on a dry, mineral-matter-fiee basis). 
On charts constructed in this way, most coals 
fall within a fairly well-defined band and the 
characteristics of the fuels change progressively 
as the band passes from brown coals to anthra- 
cites, i.e. in the direction of increasing carbon 
content or decreasing volatile matter content. 
The well-known classification due to Seyler 
(Proc. S. Wales Inst. 1931, 47, 657) is on this 
basis (r. Fuel, this Vol. p. 342). 

Valuatiok of Gas Coai. — ^The simple ele- 
mentary analysis of a coal, giving the percent- 
ages of moisture, carbon, hydrogen, oxygen, 
nitrogen, sulphur and ash, provides little in- 
formation as to its value for gas-making pur- 
poses. If, however, the figures for moisture and 
ash be eliminated and the composition be 
expressed as a percentage of the actual coal 
substance, it is possible to judge the general 
properties of the coal from the figures thus 
obtained. Of greater value is the proximafe 
analysis, i.e. the determination of moisture, 
volatile matter, coke and ash and (if required) 
of sulphur, which is objectionable as an impurify. 
The quantity of volatile matter, i.e.- material 
expeDed, excluding moisture, when the coal is 
heated in absence of air, varies according to the 
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manner in which the heating is earned oat, and 
to obtain comparable results a standard method 
of heating must be adopted In addition, the 
ralue of a coal analysis depends on the rejne 
sentative character of the sample tested The 
Bntish Standards Institution has defined 
standard methods for the samphng and analysia 
of coal and coke which are now m general use 
m this country 

The quantity of volatile matter, excluding 
moisture, in gas coals usually vanes from about 
28 to 36% of the imdned coal, or from 30 to 40% 
of the actual coal substance 

The actual results obtainable from a coal 
sample can be determined only by tests on the 
manufacturing scale For this purpose arrange 
ments are made in many works by which beds 
of retorts can be isolated and the gas passed 
through special condensing, purifying and 
measunng plant, and either the whole or an 
average sampfe of the gas coffected for testing 
The coke, tar and ammomacal hquor product 
are also measured in a suitable manner A 
special testing works is sometimes erected m 
large undertamnga and by this means quantities 
of coal up to 20 tons a day can he examined 
Small scale plant, modelled to represent large 
scale practice as nearly as possible, cannot be 
relied upon to give results obtainable in actual 
practice, as it is not possible to reproduce con 
mtions with sufficient exactitude Such email 
scale plant are, however, of use m giving the 
comparative value of different coaisforgas making 
purposes and from teats made with different 
samples m one and the same plant a fair idea i 
may be obtained of the relative values of different j 
samples Such apparatus also makes possible a 
checlf on deliveries of coal under contract | 

THE JfAirUrACTUBE OF COAL GAS | 

Briefly, the essential manufacturing processes 
necessarily involved consist of ! 

{1} The distillation of coal 

(2) The cooling and condensation of volatile | 

products 

(3) Washing the gas for removal of ammonia 

(4) Punfication of the gas from hydrogen 

sulphide 

(5) Jleasurement of the gas produced 

(6) Its storage in gasholders 

The plant required consists of retorts sot in 
suitable furnaces, cooling apparatus for the hot 
gas, exhausting apparatus to pump gas away 
from the retorts and through the subsequent 
senes of process plant and — eventually to raise 
the weight of the gas holders— washers and 
scrubbers, purifiers, meters and gasholders, 
with suitable buildings 

In larger works there may ^ added to these 
processes plant for the blending of coals or coals 
and breeze, apparatus for the removal of cyan© 
gen compounds, organic sulphur compounds, 
naphthalene, benzole and water vaponr Lorn 
the gas 

In addition to such plant and apparatus re 
• quired for the processes there has necessarily 
to bo equipment for the unloading, distnbution 
and storage of coal, for the transport, prepsrs* 
tion and storage of coke and other matenals. 


and for the supply and coohng of water For 
the driving of these and the other machinery, 
arrangements are necessary for the supply of 
steam, hydraulic and electric power Where 
carhuretted water gas is manufactured in addi 
tioQ to coal gas, plant for this purpose has to he 
provided, together with the necessary con 
deusers, exhausters, tar extractors, purifiers and 
relief holder 

In order to carry out the manufacture under 
economic conditions, much depends upon the 
nature and position of the works So far as the 
actual site is concerned, a gas works may only 
be constructed upon land that has been scheduled 
by Act of Parhament 

It IS not possible to lay down any fixed rules 
with regard to the selection of sites, as generally 
only a few possible sites are available relative to 
the district to be supphed The site should have 
a good connection with means of transport, 
especiaffy with the rai/way and, where possible, 
also with water, and even, in certain circum 
stances, with unloading facilities for direct sea 
borne traffic, as otherwise the costs for bringing 
the large quantities of coal required and sending 
out coke produced are largely increased It is 
usually the practice to avoid erecting new works 
m densely populated areas but the growth of 
towns has resulted m many works originally 
erected in rural suiroundings now being com 
pletely surrounded by houses 

In the laying out of the site it is impossible to 
indicate any but the most general rmes The 
object aimed at is to design the works in such a 
manner that advantage is taken, where practic 
able, of existing natural conditions of level and 
of the relative positions of road, railway, canal 
or wharf, as the case may be, to facilitate the 
handling of the raw material and fimshed pro 
ducts, especially of the coal and coke, wmch 
form the largest proportion of these It is 
generally considered that two acres of land are 
required for each 1 million cu ft of coal gas 
produced per day, but on sites in built up areas 
where land is scarce and the position favourable 
to cheap manufacture, this figure has been re 
ducod to 1 acre per million cu ft per day by 
careful choice of plant and skilful arrangement 
The provision of sufficient area for gas, coke and 
coal storage becomes a difficult problem m these 
cases As an illustration of the extent to which 
the ground space required far plant can be 
reduced, the figures given in Table IV, derived 
from data of T Hardie. E O Stewart and 
F B Richards, are of interest 

The greater output on a given ground space 
by the vertical retort type of plant is noticed 
tf oompanson is made with the older honzontal 
end inclined retorts Similar developments in 
Washing and purifying plant have enabled the 
ground apace occupied by these units to be 
reduced Care must bo taken that the plant is 
Such as to allow of the extension of the various 
portions of the plant without necessitating the 
pulling down and re erecting of the ongtnal plant 
tn a different position or the undue cramping of 
the latter 

Most gas works need to store coke in the open, 
and It 13 preferable to locate the retort bouse 
Ion the windward side of the coke store 
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at the requisite temperature it -was necessary 
that the temperature of the hot combustion pro 
ducts should mot he below about 1,000“ when 
leaving the setting In addition, considerable 
excess of air was required for complete combua 
tion of the coke and this excess air passed away 
to the chimney at a high temperature The 
result was a great waste of fuel, the tot^ con 
sumption of coke amounting to 26-30% by 
weight of the coal carbomsed 
Direct firmg has been abandoned in favour of 
indirect firing by means of producer gas formed 
from the coke 



The original type of producer was a built m 
furnace with a bar grate having an area of 
about 1 sq ft per retort Its defects were that 
the ^ olume of gas varied considerably according 
to the presence or absenoeofehnker on the grate, 
and that Unless frequently replenished with fresh 
fuel the quality of the heating gas was subject 
to wide variations as the fuel level rose or fell 
It was also diflicnlt to secure a level top to the 
fuel bed, and, m addition, this type of fumsre 
needed clmkenng every 12-24 hours with xnocb 
loss of fuel in the process The next stage m 
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development was to remove the bar grate and 
Bubstitute an inclined step grate This gave 
an area equal to 1 6 sq ft per retort, and 
resulted in less chnker formation and less 
vanation in the gas Another advantage was 
that, instead of long period cleanings with con 
siderable changes in furnace conditions, this type 
of grate could be attended to at short intervals 
of 2 hours, the ash and chnker bemg removed m 
small quantities as formed, and much loss of 
fuel in pan refuse prevented Still further im 
provements have resulted m a deepemng of the 
producer so that the store of fuel between fillings 
enaures a satisfactory fuel bed depth at all times 
The grate has been widened so that its area is 
now 1 7S-2 sq ft per retort As a consequence 
of the larger grate area, chnker formation is 
reduced to a minimum and the work of ash 
removal is not only less arduous, but is effected 
at a lower cost and with less loss of combustible, 
the fuel thus lost being only 10% of the total 
pan refuse as compared with 60% with the bar 
grate 

A similar type of producer with a somewhat 
larger capaaty is used for heating vertical 
retort settmgs The producer gas is removed 
lielaw the top of the fuel bed m tms case 

Producers of the types desenbed are fired with 
freshly produced cAe In horizontal retort 
practice it is usual to discharge the hot coke 
directly from the retorts into the producer 
With continuous vertical retorts the coke is dis 
charged cool, and the producers of this type of 
lent are fed with col^fuel An mtemal pro 
ucer of modem type consumes about 3 cwt of 
coke per ton of coal carbomsed IThere it is 
not practicable, due to the depth available, to 
build producers inside the retort house of a 
sufficient capacity for good working, the pro 
ducers may be constructed outside the retort 
house Though much of the sensible beat of the 
producer is lost, economies m fuel are effected, 
due to the better and more regular quaUty of 
the producer gas, which is, at the same time, a 
beaeficial factor in the Lfe of the retort Outside 
producers may be fitted with mechamcal grates 
and they open up the possibihty of the removal 
of dust from the gas produced which, if it could 
be achieved, would assist in lengthening the hfe 
of tbe settings With this ayatem a cheaper fuel 
IS sometimes employed, the gasification of a pro 
portion of fine breeze giving satisfactory results 
The improvements in producer design de 
senbed above have raised the heating value of 
the gas from about 70 B Th U to 110 B Th U 
per cu ft {v Frxi,, this Vol , p 367) 

Operation of the Setting — In bnef outhne, tbe 
method of operating the setting is as foliows 
The hot producer gas passes directly from the 
producer to the combustion chamber by means 
of nostnl boles at the bottom of each of the 
vertical spaces formed by the cross walls sup 
porting the retorts As the producer gas entera 
the setting, it is met by tbe stream of secondary 
air necessary for its complete combustion This 
air IS mtrodneed by suitable fines so arranged 
that a supply of air meets each stream of gas 
iMmng from tbe nostrils Complete combustion 
takes place as the streams intermix m tbcir cir 
eolation around the retorts The beat thus 
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erolved rsiscs tLe temperstore of tlie retorts 
to tne reqcired point. 

The tTEste gases IssTing the setting have a high 
femperatiire since they mnst be st&cieatlv hot 
to raise the temperati-e of the last portions of 
the retort vrith vhich th^ come in contact to 
the carbonising temperatme reonired. If these 
hot vtsste gases —ere aHotTed to pass directly to 
the chimney much loss of heat vronld ensue. 
Their temperature on leaving the setting is in 
the region of 1.0*>T and they contain energy 
equal to 30-60^^ of that produced by the com- 
fanstion of the pmidncer cohe. To eTect a partial 
recovery of this heat the vraste gases are passed 
throngh a reiyzpsraior. This consists essentrally 
of a series of fines adjacent to, and separated, by 
a thin bricl: partition mom. a second series 
through vrhich the secondary air fiom on its 
vray to the setting, travelling in the reverse 
direction to the -vvaste gas stream. ITcch of the 
heat is thereby transferred to the secondary air 
and thus carded back to the setting, enabling a 
high temperatnre to be obtained -Sith a lotver 
fhel consnmptian. than vonld othertrise be the 
case. Am inrermiitent method for the recovery 
of heat &om the vrasfe gases is in nse in the coke- 
oven industry. This is carried ont in rejsrera- 
in vrhich tsvo sets of chambers are em- 
ployed. The hot vraste gases being used alter- 
nate^ to heat one set vdifZe the air is heated ly 
passage through the other set. 

The amotmt of primaiy air admitted to the 
producer and of secondary air to the setting is 
controlled by smrtable slides on the ports of 
admission and ly dampers placed at the otrtlet 
of the recnperators. By tifeir adjustment, not 
only is the total amotmt of gases dratva throngh 
the setting controlled, bnt also the proportionate 
am o s n ts dravm into the difierent parts. By 
snitable regnlation of the primary air slides and 
dampers the requisite quantity of gas for the 
proper heating of the setting is made. At the 
same time the secondary air slides ere adjusted 
to supply as nearly as possible the enact quantity 
of air required for the complete combustion of 
the prodncer gas. TTith tbT=: method of opera- 
tion. feel consumption is redneed to aboct half 
that vrhich vronid be reqidred vdth direct firing, 

Tiitil recent years the heat contained in the 
■paste gases vras ntSised only to the extent indi- 
cated above and the gases entered the chimney at 
a temperature of about 700 n With the object 
of extracting some of this remaining beat energy, 
recovery in steam boilers was introduced and is 
novT popular- The earlier installations con- 
sisted of an ordinary vrater-tabe or fire-tube 
boiler interposed between the retort bench and 
the chimney. The chimney was still ■used to 
obtain the necessary draught, but was exteuded 
in height to overcome the efiects of the lower 
temperature conditfous. It -pas found, hopever, 
in ■vie— of the comparatively Io'p temperature 
head, as compared pith boilers -using solid fceL 
that a special^ designed boiler Pas essentirj. 
and the present horizontal fire-tube boiler -pas 
evolved. A typical boiler of this form is of. say, j 
6 ft. 6 in. diameter, 17 ft. betvreen the tube plates, ! 
and contains over SSij 1 J in. diameter tubes, i 
With a heating surface of 2,200 sq. ft. such a I 
boiler ■pill rednee the temuerature of the waste j 


gases &om SOO to 225-C. and evaporate 62-5 
galloiis of -pater per hour into steam at 11-5 Ib. 
per sq. in. pressure, superheated to 440'F. The 
emdency of these hoiieis is of the order of 60- 
75%. To ensure sumcient draught through the 
settings it is essential to provide an induced 
draught fan. driven either by a steam turbine 
or by an electric motor. Generally, the hisher 
the velocity of tbe gases thro-agh the boiler 
tubes the greater is the eSciency of heat trans- 
ference, but at the expense of higher po— er costs. 
The point of balance, therefore, requires carefnl 
consideration as the proportion of the output 
of the boiler used for this purpose may range 
firom 6 to 1S%. Where the exhaust steam can 
be utilised to heat the incoming feed pater to 
the boiler, a high overall eSciency can be ob- 
tained if air infiltration can be maintained at a 
lop- level, as the steam load on the ian -pfll be 
such that the phole of the exhaust can then be 
absorbed. Waste-beat boflers — orking on hori- 
zontal retort settings are fitted -pith automatic 
feed--pater regulators and are generally provided 
■pith superheaters. The results obtained by the 
employment of these bofiers vary &om 600 to 
1,500 Ib. of steam per ton of coal carbonised, 
according to the design of the setting. Any 
leakage of coal gas through the retort -pall causes 
a high yield of steam. Expressed in terms of 
prodncer fuel corsnmed. the steam raised is 
equivalent to l-S-4-5 Ih. per Ib. of fuel. Ex- 
pressed as a proportion of the energy in the 
prodncer fuel the heat in the gross steam re- 
covered, {.e. including that used for the induced 
[ draught, varies &om 15 to 45% according to the 
type''of setting. The importance of paste-heat 
ntSisation in a modem gasporks may be gathered 
&om the fact that up to 90% of the steam re- 
qurcements of a porks may te raised by -paste 
beat. 

Tbe charging of the coal into the retort and 
the -pithdrapal of the coke prodneed pere 
formerly eSected by manual labour. In afi 
works, except tbe smallest, these operations are 
now carried out mechanically. A number of 
tvpes of maebine for tbfj p-arnose have been 
evolved, but limitations of space preclude any- 
thing more than a "very general description. In 
the earlier machines the existing manual method 
■pas closely imitated fay mechanical means, the 
rng.ryfnp machine inserting the coal by means of 
a scoop or sin-iTar contrivance and the dis- 
charger removing the coke by a mechanically 
actuated rake. 'Tn a more recent machine a 
stream of coal is nrojected into the retort, at a 
velocity such that it is carried to a stop placed 
at tbs ~far end, and then built up evenly. The 
pTg-; nop adopted for coke removal is that of 
mechanically pushing it out from one end. Other 
machines efiect in one movement the dischatge 
of the coke and the introduction of a fresh charge 
of coal. 

5Iachine ciarrinr makes it necessary that the 
coal does not contain lumps of too large a size. 
It is, therefore, dropped into a coal breaker, 
&om -phich it falls into an e’evator and is raised 
above the retort benches by means of a conveyor 
into stcrage bunkers. 

The -peiuht of the coal charge natcraliy varies 
■pith the srre of the retort. In cenjuxetion -pith 
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the increases m carbonising temperatures which 
hare taken place in recent years, there has been 
a tendency to increase the size of the charge m 
the horizontal retort, for it is now realised that 
an important condition of coal carbonisation in 
this type of retort is that the lai^t possible 
charge of coal should be placed within the retort 
compatible with the facilities for heating the 
coal and with the necessity for providing a free 
path for the gas to the gas off take pipe The 
temperature in the retort vanes in different 
works firom about 900 to 1,250® and the time 
for the carbonisation, of the charge la usually 
8-12 hours ' 

Immediately after charging, the doors at each 
end of the retort are closed and crude coal gas 
begins to ascend the off take or ascension pipes 
The gas evolved during the first 2 houfs is highest 
both in quality and quantity Fortberemainder 
of the time the volume and quality steadily 
diminish, and when carbonisation is nearly com 
plete the gas evolved consists chiefly of hydro 
gen with some methane and carbon monoxide 
E V Evans (Royal Society of Arts, Cantor 


I Lecture, 1924) has desenbed this alteration 
which takes place in the volume of gas evolved 
from the retort and the gradual decrease m the 
calorific value of this gas during the carbonismg 
period, and has conveniently expressed the 
result as shown m Fig 2 The length. A, of the 
ihermal model represents the time of carboni 
satioo in hours, while the height, B, represents 
the volume of gas produced per hour and the 
breadth, C, the calorific valne 
In order to obtain a stream of gas which is 
approximately uniform in quality and quantity, 
and also to facihtate retort house working, the 
retorts are not all charged together, but a cer 
tain proportion are charged at regular intervals 
of an hour or two hours, according to circum 
stances By tins means the coal m the vanous 
retorts is at different stages in the carbonisation 
process at any particular time 
The coke discharged from the retorts at the 
end of the carbonismg penod is quenched with 
water and removed from the retort house, 
mechanical conveyors being used for the purpose 
m modem works 


Caa rate 
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The discharge of hot coke from horizontal 
retorts at a temperature of about 1,000’ and its 
subsequent quenching represents a beat los8| 
eqmvalent to about 25% of the heat generated 
in the producer Attempts have been madeto | 
convert this heat to some useful purpose The 
method employed in one of these is to place the i 
hot coke m a vessel forming part of a boiler in 
stallation, and inert gases are circulated in such | 
a way that heat is transferred from the wkc to 
the holler water In Table V (T Hardie, J Inst 
Fuel, 1S27, I. 1) is shown the distnboUon of 
heat energy obtained in normal horizontal retort 
carbosmtion with modem plant, but without 
taking into account the increases that can now 
be obtained by absorbing the heat energy eon 
tamed m the products and m waste heating 
gases leaving the settings 

TxBLE V — Caebomsatiov or Coal, 

lIoanovTAL Rctoets 

bulp 

otential energy in coal , 

I ton at 13,400 BTbU Ih 30.016.000, 


Products of carbomaation 
Gas, 13,160 cu ft of645BThU 
Tar, 9 35 gallons at 16,500 B Th U 
per gallon 

Coke and Breeze, 14 5 cwt at 
12,284 BTh 17 per lb 


Heat m combustible products, neg 
lecting ammonia, retort carbon. 


Thermal efficiency of conversion 


Products used on works in process 
Cole for heating retorts, 3 cwt at 
12,500 BThU per lb 
Breeze for obtaining power, 1 cwt 
atlO,OOOB'niU petlb 


B.Th.11 
7,172,200 
1,729,760 
19 950,000 


28,851,950 


4.200.000 

1 . 120.000 


Total heat used on works . • 5 320000 
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Prodncts for sale to public : 

Gas, 13,160 cu. ft. at 545 B.Th.U. . 

Tar, 9-35 gallons 

Coke 10-25 c-itf. at 12,500 B.Th.U. 

per lb 

Breeze, 0-25 ctrf. at 10,000 B.Th.U. 
per lb 


Commercial eSciencj- of process 
=78-4%. 

Sets. — If all poTver is dsiiTed from ■svaste-heat steam, 
then li cirt. of breeze are available for sale and the 
eEdenej- becomes S2-5%. 

IfTCLETED Eztosts. — ^In this type of setting, 
which is obsolescent, the retorts are inclined at 
an angle in order to utilise the action of gravity 
for charging and discharging purposes. The 
inclined setting is relatively costly to install 
and has usually a shorter life than a horizontal 
setting. In addition fuel consumption is higher. 

CiEBOfnsAiros' rs Veeticai, Eetobts. — 
Carbonisation in vertical retorts has become in- 
creasingly popular during the past 20 years. 
Am ong the attractions of this form of carbonisa- 
tion may be mentioned the successful utilisation 
of gravity for charging and discharging — without 
at the same time incurring certain drawbacks 
inherent in the inclined retort — and the abilify 
to produce simultaneonsly a proportion of water 
gas within the retort the introduction of 
steam. This form of carbonisation abo elimi- 
nates disadvantages associated with a large free- j 
space above the coal charge. Furthermore, the 
water-gas formation in the lower part of the 
retort reduces heat losses in the discharged coke 
and assists in the removal of coal gas fixim the 
not zones, thereby protecting it against degrada- 
tion- In modem vertical retort installations it 
is the practice to recover sensible heat from the 
waste gases as steam, not only for use in the 
retorts but also for generation of power required 
for driving all the auxiliaiy plant. These factors 
contribute to make vertic^ retort practice an 
efficient method of coal carbonisation. 

Iniermitient Vertieal Beiorfs . — The vertical 
retort, as originally introduced at the beginning 
of the century, was designed for intermittent 
carbonisation. That is to say, previous practice 
was adhered to, in so far that the coal is charged 
aU at once into the retort from an overhead 
hopper and allowed to remain there until car- 
bonisation is complete, when the coke is dis- 
charged by gravity and the retort refilled with 
fresh coaL 

The Dessau vertical retort system, patented 
by Bueb (B.P. 1393, 1904), represents this type. 
The retorts are either 4 or 5 metres in len^h, 
having an oblong cross-section with rounded 
comers and are tapered, increasing in size from 
top to bottom to fadlitate the discharge of the 
coke. 4, 6, S, 10 or 12 retorts are set in rows of 
two in a setting, each setting being heated by gas 
from a separate deep producer capable of being 
filled much above the point at which the producer 
gases are drawn off, so that it may run for 24 
hours without recharging. The recuperators are 
arranged on each side of the producers. Fig. 3 


B.Th.T7. 

7,172,200 

1,729,750 

14,350,000 

280,000 

23,531,950 


gives a vertical section of such a setting and 
producer, showing the general arrangement of 
the plant. 

As the thickness of the charge is greatest at 
the bottom, the highest temperature is main- 
tained at this point, with a rather lower tempera- 
ture in the upper portions where the thickness 
of the charge is less. The result of this arrange- 
ment is that, even at high temperatures, not 
only is a large yield of gas obtained, but at the 
same time the tar formed is very fluid and only 
contains a small percentage of '“ free carbon.” 
The naphthalene production is lessened, and 
that of the lower-boiling tar constituents in- 
creased, with the result that the naphthalene is 
sufficiently completely removed from the gas in 
the ordinary process of condensation without the 
adoption of any special treatment and, at the 
same time, the amount of sulphur obtained in 
the form of carbon disulphide is reduced. The 
yield of ammonia is higher, and the coke pro- 
duced is harder and denser than that formed 
firom the same coal in horizontal retorts. These 
variations are evidence of the fact that less 
secondary decomposition of the products evolved 
from the coal charge takes place. Two factors 
are concerned in this, not only is the free space 
above the surface of the coal reduced to a 
minimum, but also there is a path of escape for a 
portion of the prodncts through the cool central 
core of uncarbomsed or partly carbonised coal, 
thus avoiding the hot outer layer of coke and 
the retort walls. 

J. S. Thorman (Trans. Inst. Gas. Eng. 
1930-31, 364) has described an installation of 
intermittent vertical chambers which are built 
of silica throughout their heated height of 
19 ft. 6 in., are rectangular in plan, have a major 
axis of 10 ft. at the bottom and have a uniform 
taper from bottom to top of the minor axis to 
ensure unaided discharge of the coke. The coal 
capacity of each chamber is 3—6 tons. Labour 
and maintenance costs are low with this type 
of plant, which has the flexibility regarding gas 
quality and output characteristic of intermittent 
carbonisation. The calorific value of the gas 
produced is determined by the carbonisation 
period and the time during which the charge is 
steamed. 

I Continuous V erfical Retorts . — The object aimed 
at in this sytem of carbonisation is not only to 
avoid an excessively heated free space above the 
coal, but also to render the process a continuous 
one by the addition of mechanical arrangements 
whereby the coke is withdrawn continuously 
frxim the bottom of the retort, fresh coal being - 
added to the retort at the top to replace the coke 
withdrawn. In this way the coal travels slowly 
down the retort undergoing gradual conversion. 
The conditions in the retort, therefore, remain 
approximatelv constant, and the quantity and 
qualitv of the'gas evolved remain fairly constant, 
as distinct from the conditions in the inter- 
mittently-charged retort where there is a falling- ' 
off in both quality and quantity as carbonisation 
proceeds. 

The constant movement of the charge through 
the retort modifies the conditions of carbonisa- 
tion. -As with the intermittent retorts, the heat 
penetrates the mass of coal from the periphery 
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and travels inwards but as the coil is movu^ 
constantly downwards the uncarbonised coal 
takes the form of a cone the ba«e of which is at 
the top and the apex at a pomt about two thirds 
of the length of the retort below Some of the 
gas formed escapes throngh this core of nncar 
bonised coal, the remainder passing throngh the 
Burronndmg hot coke The free space at the top 
of the retort is small 

The continuous system of carbonisation has 
b“en worked out chiefly in this country In the 
early years of this century results were obtained 
with the Settle Padfield contmuous vertical 
retort (BP 12552 1902 245S8 1903) which 


COAL. 

showed the possihihties of this form of carbom 
safion This was followed by others, notably 
the Woodall Duckham (B P 16497, 1903 ei 
aeq ) and the Glover West (B P 23650 1905 et 
seq ) These two ^vstems m their modem forms 
wdl be descnbed in bnef outlme 
In the Woodall Duckhsm ^rtem the sdica 
retorts are rectangular in section and tapered 
Each bench of retorts is heated by a number of 
outside producers the producer gas bemg taken 
to the bench by a distributing mam and burnt 
m vertical flues at the sides of the retorts By 
means of a second air supply, combustion can 
take place at two levels Each retort constitutes 



a separate unit masmuch that it has its own pro 
dncer gas secondaiy air and waste gas dampers 
a factor which makes for flexibihty of output 
The M sate gases are collected and taken dir^ly 
to the waste heat boiler The secondary eir is 
pre heated by circulation around the base of 
the retorts before rising to the combustion zone 
through the flues Steam for gasification and 
coke cooling is admitted to the coke extractor 
chambers at the bases of the retorts Heat 
economy is facihtated by careful attention to 
lagging The waste gas mains and the producer 
gas mams are lined with insulating bncks and i 
the side walls and the top of the bench are also 
insulated 

The Glover est retort is elLptical in cross 
section The priMucers which are built m one 


at the base of each setting supply gas to several 
boruontal chambers one above the other, for 
beating the retorts which pass through the 
chambers In this system the retorts are heated 
most highly in the lower portions the tempera 
tore decreasing towards the top of the retort 
round which the heating gases are circulated 
before passing to the waste gas flues Steam is 
admitted to the coke chambers for coke cooling 
and gasification horecuperatorsareemploycd 
the waste gases passing to coUectmg flues 
whence thej are drawn through waste-heat 
boilers and discharged to the air The setting is 
cased m insulating bncks and the waste gas flues 
between the settings and the boilers are bnek 
bned and lagged The step grate producers 
have no doors at the grate regulation being con 
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trolled bj dampers st the entrance to each heat- such as heat transfer from the retort bases or 
ing chamber. Fig. 4 Ulnstrates a conrmnons by circnlanonthrotighhoIIotvsTalls of the setting, 
vertical retort setting. In this tray heat is transferred to the air vrhich 

In the contrnnons system it is possible and trotild otherttise be lost trith the coke or by 
convenient to make eScient use of the sensible radiation from the setting. Operation in thfr 
heat of the coke by inserting a steam jet at the trav more than donbles the steam yield. Up to 
base of the retort. The steam extracts heat 1,500 Ib. of steam per ton of coal carbonised can 
fia)m the coke, reducing its temperatore to about be obtained from rraste heat vith vertical 
300'C., and simnltaneonsly forms vater gas. retorts. After aHorring for the induced dranght 
thereby increasing the make of gas per ton of fans, snmcient steam is available, subject to a 
coaL This steaming process can be extended level load factor, to supply the vorks’ demands, 
to 2Ci^o of steam, bi the first 5% of steam (ex- In addition, there is srfecient steam to meet the 
press^ as a proportion of the charge vreight) steam requirements for injection into the retort 
requires no additional consumption of retort- and then leave a surplus. The recovery of the 


heating fuel for its decomposition, 
and results in an increased yield 
of gas approximating to 10 therms 
per ton of coaL 

For the ideal reaction to take 
place successfully, the temperature 
of the reacting substances must be 
maintained at a mmTmnm of 
1,000'C. othervrise the foUoving 
reaction also anpears to take place ; 
C-!-2H,0=Cb,-f2H,. rnisleads 
to the infcrodnction of CO, into 
the gas stream, a condition ob- 
viously to be avoided. Further- 
more, if the temperature is not 
suSdently high, only part of the 
steam is decomposed and the re- 
moval of valuable heat by tm- 
decomposed steam causes undesir- 
able complications. The heat 
required to raise the steam to the 
optimum reaction-zone tempera- 
ture is obtained ftom the coke 
prior to discharge, an opera’tion 
trhich combines heat regeneration 
srith dry quenching of the coke. 

It may be mentioned here that 
attempts have been made fiem 
time to time to apply steaming to 
horizontal retorts, but up to the 
present ir has irot been generally 
adopted. Experiments shov that 
for efiective operation it is necessary 
to have a path above the charge, a 
tight retort and superheated steam, 
lie quality of the coal greatly 
infiuences the results. A discussion 
on the economics of steamins in 
honzontal retort practice has been 
given by G, L. Braidvood (Gas J. 
1935, 212, 701) vrho emphasises 



the importance of local conditions. 

From the thermal viev-point the continoasly 
operated vertical retort is hmhly eSdent. This 
sSll be apparent vrhen it is realised that, com- 
pared vrith the horizontal retort, the temperature 
of the coke discharged is about 1,350T. lover, 
and the temperature of the volatile products 
leaving the retorts is about 200'T. lover. In 
addition there is reduced radiation from the 
benci in consequence of the smaller surfece area 
for a ^ven through-put capacity of the plant. 
Hodem practice is to eliminate recuperators and 
pass aft the vaste gas direct^ to the vaste-heat 
boiler. 

Afr pre-heating is arranged ftom other sources. 


heat fix)m vaste gases has already resulted in the 
release for sale of large quantities of coke and 
b-eezfi previously used on the vorks for steam 
r^isin^. TVaste ieat recovery is discussed by 
VT. Giesson (Trans. Inst. Gas Eng. 1934—35, 84, 
934). 

Emuhasis already been laid on the import- 
sjice Vhich must be attached to the effects 
resxiltbis ftum the secondary decomposition of 
the primary products of carbonisation vithin 
th“ retort." The treatment to vhich these 
pjmsiy products are subjected in the vertical 
retort ^ less severe than is the case vithin the 
horizontal retort, vhere cracking conditions 
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reach a maximum when the retort is operated 
with light coal charges, i e. wth a large free 
space above the retort. The tar produced m 
vertical retorts is thin and contains little " free 
carbon.” Naphthalene production rs at a 
minimum and carbon disulphide formation is 
reduced. Carbonising conditions are also re 
ilectcd m the composition of the benzole in the 
gas Table VI shows analyses of benzoles 
extracted from gas made in (1) horizontalretorts I 
with a hght coal charge, (2) horizontal retorts I 
with a heavy coal charge, and (3) continuously ■ 
operated vertical retorts. 


Table VI. 



1 

2 

3. 

Welaht of coal charce tlb 




per cu ft of retort space) 
Spirit per cu ft ofgas(cc) 
uesaturated hydrocarbons 
as shown by loss on add 

28 6 

87 0 


0 790 

0 83S 

— 





' 420 

4 40 

' 2084 1 

Carbon disulphide . 

129 

0 79 

0 43 1 


1 2 10 

4 39 

20 05 1 


1 77 75 

88 03 






Xylene (to 135*) 

1 1 34 

2 32 

1 610> 





Loss during analysis 

oos 

too 

131 


1 To 180’ 


A high proportion of unsaturated hydrocar. 
bons, of paraffins and of the higher aromatic 
hydrocarbons reflects the less drastic conditions 
within the vertical retort 
Cabboxisation in Coks Ovess — Attention 
has recently been paid, notably in Germany and 
the Umted States, to the carbomsation of coal 
for gas making purposes in chambers of larger 
capacity and more in accordance with metah 
lurgical coke oven practice (see Coke Manu 
B-ACT tTBS, Vol. Ill, 260). Where ordinary gas 
coal IS used, the results so far as the quahty of 
gas, tar and ammonia are concerned do not 
differ mstenally from those obtained with inter- 
mittent yertical retorts. In so far as this countiy 
13 concerned, it has been ehown by E. G Stewart 
(Gas J. 1930, 190, 754) that coke ovens can be 
and are being successfully operated with pro- 
ducer gas finog on gasworks, but that their 
economic usefulness is hmited to the largest 
works All charges connected with labour, 
quenching plant, coke wharf, coal plant, bunker, 
etc , mcrease as the size of the umt is dimimsbed. 
Stewart (I c.) gives the following comparison to 
show costa of gas making . 

I Per therm. 

' Coke ovens, 1,200 tana per day 1 804d. 

Continuous verticals, 646 tons per 
day 18I5(f. 

Horuontals 480 tons per day 2 099<f. 




Fia 5 — Self Sbauko Mouthpiece 


When the daily capacities of the installations 
are taken into account, the continuous vertical 
retort la shown to be the cheapest. 

A defimte outlet for the dense typo of coke 
produced is necessary. Oven coke is suted 
to large central heating stoves and to other 
appliances commanding a good draught. It has 
the advantage of a low ttsh content and baa the 
abihty to withstand transport and storage with- 
out breeze production The use of the open 
grate and the rapid rise m populanty of the 
small coke-boiler has created a general pre- 
ference for a more easily combustible coke Ini 
consequence, coke of the character produced I 
by the homontal retort and, to a greater extent | 


still, by the continuous vertical retort has been 
in demand in recent years 

Any examination of the extensive hteraturo 
on coal carbonisation should include the 
reported investigations of the Fuel Research 
Board. 

Tekatmekt of the Hot Gases Iss^^^a feom 
The Rztoets — ^Tbe honzontal retort is fitted 
with cast iron mouthpieces having a hinged hd, 
whtdi can be opened for the purpose of dis- 
charging the coke and putting in a fresh charge 
of coal and then closed so as to form a gas tight 
joint. An illustration of a mouthpiece in 
common use is shoun in Fig 5 In the top of 
the mouthpiece is cast a socket, into which is 
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fixed a Tertical pipe of fix)m 4 to S in. diameter prevent access of air during those times when 
termed an ascension pipe extending upwards the retorts are being charg^. These dip pipes 
above the brickwork of the setting. By this andso-caUed“anfi-d!ps'’'vSlbediscussedbelow. 
means the gas is led into the collecting main by In the case of the vertical retort, the gas is led 
way of a seal or valve designed primarily to from the top of the retort to the collecting main 



Fig. G.— Dn.T.^MOKE Txe Tower. 


in a gtTntlaT way. A pipe in the top or side of namely, the hydraulic main and the dry main 
the collecting mnin conveys the crude gas into In the hydraulic m ain the tar and liquor ron- 
the foul TTipln which takes it from the retort densed from the gas at this point are aUowed to 
house to the condensing and purifying plant. accumulate to such an extent that the aip_ pipes 
Two types of collecting main ’ are in use, are sealed in the liquid, this seal then formmg an 
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automatic ralve, whicli allows the gas from the 
retort to bubble through it into the collecting 
mam, but prevents any gas getting back from ' 
that mam Tchen the retort hd 13 open Where 
the bydrauhc mam is employed, it la usual to 
adopt means vhereby the tar and ammomacal 
hquor which separate m that mam are drawn 
off separately The tar is taken awav from the 
bottom as it separates, while the hqnot flows 
away from an, overflow, the height of which can 
be regulated as desired, tbe object especially 
aimed at bemg to ensure that the dip pipes are 
sealed m hquor and not m tar or varymg miv 
tures of tar arid Lguor On some works the, 
DiUamore ta'r tower, shown m Fig 6, is in use 
This IS placed at the end of a bench of retorts 
as shown and serves ft number of beds The I at 
pipe runs from the bottom of each hydraulic 
mam to about the middle of the tower, whilst ' 
the hghter ammoniacal hquor flows from a side 
openmg near the upper level of the hquid in tbe 
hydraulic mam to the top of the tower The 
latter is also coimected by an eqmhbnum pipe 
to the top of the hj’drauhc mam, or foul mam. 
the gas pressure m each bemg thus mamtamed 
the same, under which tircumstances the upper 
level of the liqmd is the same m both The 
condensed hquor flows from the top of the tower 
over a weir valve, the height of which can be 
regulated to give anv required depth of sea! in 
the hydrauhc mam The tar accumulates m the 
bottom of the tower, displacmg an equal volume 
of hquor, which flows away over the weir valve, 
and 13 run off penodically, care bemg tAen that 
Its upper level never rises above the level at 
which the tar enters the tower Whilst runnmg 
the tar off hquor must be run m from a tank to 
the top of the tower at a greater rate than that 
at which the tar 1$ run off, as otherwise the level 
of the hquid m the hydrauhc mam would fall, 
unsealmg the dip pipes A disadvantage of the 
LiUamore tower is that the depth of seal varies 
with any sa^mg of the mam 

Sealed mams are fairly common in horizontal ^ 
retort practice The alternative method ofj 
operation is more nsual with dry, 1 e unsealed 
mams, and is usual m vertical retort practice 
With this latter type of mam the dip pipes are 
not sealed in the hquid durmg the gas makmg 
period, and means must be adoptra for dis 
connectmg the retort from the foul main at 
times of charging Fig 7 illustrates one method 
m use for this purpose It consists essentially of I 
a double pipe, the outer sleeve of which can be ' 
lowered into the hquor to seal the mam when 
required 

Unsealed mams, as distinct from sealed 
hydrauhc mams, may be used with all types of 
carbomsmg plant 

In order that the hquor may dissolve tbe 
ammonium chloride from the gas and also cool 
the gas sufBciently to prevent the deposition ofi 
tar as pitch, it is necessary that the hquor should ' 
have the necessary de g ree of contact with the 
gas With horizontal retorts having sealed dip 
pipes, this IS obtained by the gas bubbhng 
through the seal In other cases, where no seals 
are provided, hquor must be sprayed into the 

gas 

In those types of plant in which the gas enters 


the hydrauhc mam at a high temperature (50(>- 
600“), < g intermittent vertical retorts and coke 
ovens, considerable evaporation of the cir 
cnlatmg hquor into the gas takes place It is 
through the agency of this that the gas is rapidly 
cooled and pitch deposits are prevented In 
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such systems it is especially important that the 
circulating tank be provided with an adequate 
make up of hquor returned from the condensers, 
«o as to keep the ammonium ehlondo content 
of the cirrulatmg hqoor below about 7 g 
NHjCI per 100 c c of solution 
For the satisfactoTj running of the retort 
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fconse it is essential tiiat gas pressure in tfcs 
retort and in tts iivdranlic or dry Tnain siionld 
be ipdsr complete control. If the pressnre 
■^^ihin the retort is alloTred to become snb- 
sta r . ti .a U y greater than that in the combnstion 
chamber snrronndrng it, gas tends to escape 
thrcngh cracks in the retort ts'alls and is bnrnt 
around the setting and lost. Analvses of vaste 
gases may. in fact, be used, for cicnlating the 
thermal eqmvalent of a coal gas leakage thronsh 
the retort t:raIL as has been shotm fay H. Hollins 
(it;d. 1&2S, 128, 924). Again, if the pressure 
ydtbin the retort becomes materialfg letter than 
that trrthm the setting, traste gases, consisting 
chiefy of carbon dioxide and nitrogen, are 
dratm into the retort and letter the qualfty of 
the gas by diiiition. 

A considerable pressnre is reqnired to pnsh the 
gas throngh the condensers, scmbbers and pnri- 
£ers and into the holders. Therefore, in all bar 
very small ttorks, a pump or eihanster is em- 
ployed to dratt the gas from the retorts as it is 
made and to force it thiongh. the snbseqnent 
apparatxLS and into the holders. 

In addition an antomatic retort-honse j 
governor is employed to ensure a constant pnK | 
in the hydrannc main, tvhatever the volame of 
gas leaving the retorts. At the same time the 
governor rednees the intensity of the vacutan 
created fay the pnD of the exhacster. Eetort- 
honse governors are of tvo tyjes : (s) the bel! 
type, and (S) the relay type. In the first a 
system of air fioats is employed reside a holder 
ben, regn^tion being obtained by direct loading 
on the helL In the second a method of cormter- 
balance is used, no air fioats being employed. 
For a detailed description of retoit-honse 
governors reference shonid be made to G. DongiEI 
(Inst. Gas Eng. Comm. 1937, 270. 173). 

Gas enters "the condensers from horfrontal 
retorrs at a temperature of about ISOfF. 'With 
continsous verricai.retorts the devr-point is 
about IfO'^F., and rvith intermittent vertical- 
retorts and coke ovens 170T. The high de^- 
noint in the case of continuous vertical-retorts 
, is OTT^ to steaming the retorts. The higher detr- 
point in the case of intermittent vertiiml-retorfs 
and coke ovens is due to liquor re.€vaporated 
from the circulating systems, consequent upon 
the i-Tgh temperatmre at •rfneh the gas leaves 
the chambers. 

Chemical Changes Occurring During 
Carbonisation . 

The uiriniate analysis of coal shoTrs it to con- 
sist essentially of the elements : carbon, hydro- 
gen, oxygen, nitrogen and sulphur vtich are 
carhbined together in complicated polynuclear 
aromatic (benxenoid) structures (r. Fran). In 
the manufacture of coal gas these complex com- 
pounds are broken dovm fay thermal decom- 
positiou. to sinroler substances. The products 
■wirL the simplest molecular structure are found 
in the gas, vrhSe the more complex substances 
are found in the tar, liquor and coke^ the chief 
bv-prodnetsof the car’bonisatfon industries. 

'The foU.Dvdng analysfr of a typical Durham 
gas coal, washed fr.f-T y free from other sub- 
stances, gives so’me fdsa of the uftiniate com- 
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position of the coal— carbon 81-64%, hydrogen 
5-01%, oxygen 5-78%, nitrogen 1-71%, sulpbur 
0-91% and ash 3-60%. Although carbon, hydro- 
gen, oxygen, nitrogen and sulphnr are the main 
elementary constituents of coal, other elements 
capable of yielding volatile carbonisation pro- 
ducts may be present in small qiiantities": 
chlorine, phosphorus, germanium and arsenic 
are often to be found in coal together with 
finorine, antimony, selenium and boron. Among 
elements present in coal ash, iron, alnminium, 
silicon, calcium and magnesium predominate, 
but traces of other elements such as gallinm, 
vanadium, boron, cobalt, nickel, zirconium, 
zinc, molydennm, yttrium, silver, indium, thal- 
lium, cerium, lanthanum, antimonv, tin^ lead 
and bismuth have been identified. 

Tee Acnojr of Hfj.t os' Coal: Pehiaet 
DFCOUPO smoir of Coal. — ^Ibe thermal decom- 
position of coal appears to begin between 290 
and SaO'^C. althon^ water and occluded gases 
may be evolved below these temperatures and 
some alteration of internal chemical structures 
may occur. The first decomposition products 
are water, carbon monoxide and carbon dioxide, 
bnt between 300-350'^C. the evolution of hydro- 
gen and hydrocarbons, many of which condense 
to oily tarry liqm'ds, increases considerably. At 
temperatures of 200-300‘^C. the decomposition 
of srfphur compounds forms hydrogen sulphide : 
the evolution of ammonia from the nitrogenous 
j compounds appears to take place above 300°C. 

: while the greater part of the oxygen or^inally 
■present in the coal appears in the products 
obtained below 500‘^C. 

The rnfriaT decomposition is accompanied by a 
fusing or softening of the coal to form a “ plastic 
layerT” THs plastic layer is a bad conductor 
of beat and a barrier to the passage of gases. 
Gases are formed, however, in the plastic layer 
and escape in the direction of least resistance, 
the frothing of the plastic layer causing the 
cellnlar appearance of the residual coke. The 
formation of the plastic layer is, in fact, a 
characteristic of what is termed a “ cok i n g ” 
coaL 2HOn-coking coals yield, under the action 
of heat, volatile products similar to those obtained 
from coking coals, but as no plastic layer is 
formed the residue is either a powder or has 
the same appearance as the original coal. 

It been claimed that as much as 70% of 
the orisinal coal substances may be decomposed 
below 500'C. and that the formation of free car- 
bon beg&is at tbw temperature. Such decom- 
position is usually termed the primaru decc/m- 
pc-ntion of coaL 

The primary decomposition of coal is best 
studied by distillation ir, vacuo because there is 
less probabUfry of secondary changes occurring. 
Such treatment has shown that hydrogen is a 
product of the primary decomposition of coal 
and that the substances obtained in the solvent 
extraction of coal are decomposition products 
as tbev are grTTiflar to the tars produced by these 
vacuum distShtions. “ Primary" tare of a 
cfnfTar character are produced by heating coal 
at temperatures below 6<00‘^C. under atmospheric 
pressure. They contain naphthenes and hydro- 
aromatics. olefins, phenoL oxygenated com- 
pounds and many complex substances wbich 
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are benzenoid m structure but rather more com 
•plex than benzene itself 

Low TEsiPrsATUBE Cakbomsatiov — W hen 
coal IS heated in absence of air at temperaturea 
of 60(M>00'’C. the products obtained are largely 
the results of pnmary decomposition The 
yields of products per ton of bituminous coal (c/. 
Fig. 8) are of the following order; gas, 30^0 


therms or 4,000-6,000 cu ft of calorific value 
60&-SOO BThU per cu ft., Itgutd, 15-20 
^Uons of liquid whicli consist mainly of un 
saturated paraffin or naphthene hydrocarbons, 
tar acids and bases, and &om which about 3 
gallons of bght spirit can be obtamed ; and tolid, 
semi coke, 15 cwt Tbe composition of the tar 
and aqueous products from low temperature 
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FINAL PRODUCTS ILLUSTRATIVE OF 
HIGH TEMPERATURE CARBONIZATION 
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carbonisation has been studied by G. T ilorgan 
and hi3 co workers ( I R C I 1935. 54, 19T , etc ) I 
1 who have shown that phenols and anthracene I 
occur in the products of carbonisation at tem | 
peratnrra as low as 450°C It would appear that ' 
their work confirms the benzenoid structure of I 
coal and correlates with the work of Pictet (Atm I 
Cbim 1918, 10, (is], 249, etc ), and of Joettnerl 


and Howard (Ind Eng Chem 1934, 26, 1115, 
etc }, on the vacuum distillation of coal 
Work 13 still proceeding all over the world on 
the subject of the thermal decomposition of coal. 
The complexity of the problem and the methods 
used by various research workers have been 
I summarised by H H LowrY(J Inst Fuel, 1937, 
110,292) 



451 


Szco^TDASY DzcoiiPosmoY. — ^Ilie process 
coal carbonisation for tbe manufacture of coal 
gas is based on the secondary decomposition of 
the substances formed by the primarv decom- 
position of the coaL Fig. 9 shoTTs a cross-section 
of a horizontal retort. The combustion chambers 
round the retort are usually maintained in 
modem practice at a temperature of about 
1.350'C. At the end of a carbonisation tbe 
temperature just inside the ualls at the cromn 



Fig. 9. — SzcnoYs oz Hoheostal Estobx 
A iTD or Cor-xETLors Vekticai, Eeiost. 


of such a retort (Fe. at poiut B) may be about 
1,150'C. After charging -vsith ftesh coal this 
temrerature fells to about SOO'C. and then in- 
CTpaW by about SO'C. per hour. The tempera- 
ture of the inner mass of coal rises slo—Iy because 
the coal and the plastic layers are bad con- 
ductors of heat. The temperature of the coal 
at the point A. for example, may be only 40(FC. 
some hours after charging the retort — such coal 
Trill undergo primary decomposition but the 
products of this decomposition can only escape 
through the hotter outer layers of the carbonising 


mass and along the crotm of the retort, where 
they will he subjected to secondary decom- 
position. AH products except those form^ near 
the ascension pipes, which escape with a mini- 
mum of secondary decomposition, will undergo 
a secondary decomposition at temperatures 
ranging feom SOO to 1,100"C. 

The plastic layer wHI gradually work toward 
the centre of the charge and coking should be 
complete at the end of the carbonising period. 
The latter varies with the size of the retorts but 
is usually S. 10 or 12 hours. 

The conditions in continuous vertical-retorts 
are a little diSerent. As cold coal is fed con- 
tinuously into the top of the retorts there is a 
cone, as shown in Fig. 9, of lower temperature 
I within the retort and the plastic layer will be 
; almost stationary. The primary products of 
decomposition evolved at the top of the cone 
[ will escape without much further degradation, 
but substances formed lower down will have to 
i pass either through the coke orthrough the coaL 
In the former case they will be subj ected to a con- 
I siderable amount of sec-ondaiy decomposition. 
In general, tbe cracking conditions are not so 
severe as in horizontal retorts althongh attempts 
h^ye been made to control cracking in vertical 
retorts by providing an empty cracking zone at 
the top of tbe retorts. The secondary decom- 
position conditions in intermittent vertical re- 
torts and coke ovens appear, in general, to be 
intermediate between horizontal and continuous 
vertical-retorts. 

It will be seen therefore that the process of 
high-temperatnre carbonisation will yield a 
variety of products. Some of these will be the 
products of primary decomposition, but the 
maj ority will have been subjected to a process 
of secondary decomposition at temperatures in 
excess of SOO'C. Im consequence the rates of 
thermal decomposition of hydrocarbons and the 
equilibrium conditions existing at temperatures 
above SOO'C. become of interest. 

Teebjiai, EQrxLrBEiwir Coimiiioxs at High 
! Tehheeatuees. — ^Ihe thermal-eqmlibrnim con- 
I ditions for hydrocarbons at temperatures above 
■ ToO^C. indicate that only methane and, to a 
i smaller degree, ethylene are appreciably stable, 
i Other hydrocarbons decompose rapidly to yield, 
eventnaHy, methane and ethylene. Studies of 
the composition of the gaseous products of high- 
temperature carbonisation have shown that the 
c-oncentrations of hydrocarhons are of the foHow- 
ing order: methane 24%. ethylene 2%, vapours 
of benzene and other liquids 1%, eth^e 0-S%, 
with concentrations of less than 0 - 2 % for other 
hvdrocarboiis such as propane, propylene, 
birtane, acetylene and butylene. It is apparent, 
however, that the yield of methane in high- 
temperature carbonisation is greatly in excess 
of the thermodynamic requirements for the 
eqxdlibrinm CH^Y=^C- 7 - 2 H 2 - At 1,000'C. 0’S% 
CH 4 is snfficient for this equflibrfnm, but it has 
been shown that the decomposition of methane 
proceeds by a series of steps through ethane, 
ethvlene and acetylene, and that, owing to the 
retardation of the decomposition of the acety- 
lene bv hydrogen, larger amounts of methane 
are obtained. It would appear that the equili- 
brium is maintained with 
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a very little acetylene and that m consequent 
larger amounts of methane remam undecom 
posed 60 that at 1,000°C , for example, 20% of 
methane is stable Equilibrium conditions are 
more quicUy reached at higher than at lower 
temperatures, and there are some grounds for 
believing that, apart from equihbna involving 
carbon, conditions appertaining to the various 
hydrocarbon equihbna exist in the retorts 

G Egloff, “The Reactions of Pure Hjdro 
carbons, ’ (Reinbold Publishing Corporation, 
1937), has reviewed fully the present state of 
knowledge with regard to the thermal decom 
position of various hydrocarbons The onginal 
tentative suggestions of Bone and Coward and 
others (JCS 1908, 93, 1197, etc) as to the 
fleeting existence of free radicles snch as CHj 
CH, CjH,, etc , have been shown to be correct 
by Paneth (Ber 1929 62 [B] 1135, etc). Rice 
and others (J Arocr Gbem Soc 1931, 53, 1958, 
etc), and there can be little doubt that such 
radicles play a part in the establishment or 
partial cstahhshment of various equihbria in the 
retorts 

The formation of the aimpler aromatic hydro 
carbons in the retorts, particularly of benzene 
and toluene, is of interest m view of the fact that, 
in general, the more severe the cracking con 
ditions the greater is the yield of these hydro 
carbons Benzole obtained from carbonisation 
in honzontal retorts is richer, for example, in 
aromatic hydrocarbons than is benzole obtained 
vertical retort systems The formation 
of the bulk of these aromatic hydrocarbons 
appears to be the result of seconda^ and not 
primary decomposition Many workers amce 
Berthelot have shown that benzene and other 
aromatic substances can be produced from 
Simpler ahphatic or phenoho compovinds, and 
\Vbeeler, Wood and others (JCS 1930, 1819) 
regarded the formation of some of the aromatic 
hydrocarbons as proceedmg in the following 
stages, ethylene -> butylene ^butadiene -*-aro 
matics 

Besides the equihbna existing between vanous 
hydrocarbons and hydrogen other equihbna 
are of importance In view of the modern 
practice of steainmg the hot coke in the retorts 
m order to form water gas, the eqnihbrium 
CO,+ H,^CO+HjO baa become increasmgly 
important, In order to obtain s maximum of 
hydrogen and carbon monoxide and a minimum 
of carbon dioxide the temperature of the coke 
should be as high as possible (see Gas, Water) 

High Tesiperattoe Cabbonisatiov — It has 
already been seen that high temperature car 
bomsation is based on the secondary decom 
position of the products of the pnmary decom 
position of coal The yields of the vanous 
substances resulting from the high temperstare 
carbonisation of 1 ton of bituminous ash free 
coal are compared with the products of low 
temperature carbonisation in Fig 8 (c/ E V 
Evans, Gas World, 1928, 139, 205, S Pexton, 

J Inst. Fuel, 1937, 8 201) Stage 1 represents 
the pnmary decompoeition of the coal, stage 2 
the mild secondary cracking of the tar and 
stage 3 the more severe secondary decom 
position of the tar together with the removal of 
35 therms remaiiung in the semi coke to gtie a 
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total of 85 therms m the gas and 20 therms in 
the tar 

For a coal containing 8% of ash and moisture 
the normal complete yields of high temperature 
carbonisation are approximately 75 therms of 
gas (e g 13,400 cu ft of gas of calorific value 
560 B Th U per cu ft ), 18 5 therms of tar (e g 
II gallons), 16 gallons of ammoniacal hquor, 
2 g^lons of benzole and 14 cwt of coke Many 
other by prodnets such as ammonium sulphate, 
naphthalene, anthracene, pitch, sulphur, ben 
zene, toluene, phenol, etc , are finally obtamed 
The yields ofthe vanous gaseous products during 
the carbonisation were summarised by E V. 
Evans (Royal Society of Arts, Cantor Lecture*, 

' 1924), who advocated the use of thermal models 
such as that shown m Fig 2 to show the changes 
in thermal yield and composition of the gas as 
the carbonisation proceeded 

In the process of high temperature carboni 
sation it IS essential that the secondary decom 
position should not result m what is termed over 
cracking If methane is decomposed to carbon 
and hydrogen a 96% thermal loss is eipenenced, 
smee 1 cu ft of methane has a calorific value 
of 997 B Th U and 2 cu ft of hydrogen have a 
calorific value of 638 B Th U Any decom 
position reaction resulting in carbon formation 
will result in a loss of heat and gaseous therms 
The tar and gas ahouJd be cracked down to the 
simpler hydrocarbons but not beyond them to 
carbon The optimum amount of cracking will 
be indicated by a manmuia of hydrocarbons 
m the gas Pextoa (i c ) has shown that a figure 
which be calls the “ hydrocarbon ennehment 
value can be used to assess the cracking con 
ditiona in various carbonismg plant This value 
{ ‘ E ) IS discussed in detail Wlow {(/ “ Yield 
of Gas and By products,* p 46S<i) but it may be 
stated here that an increase in the value of 
“ E indicates a closer approach to the best 
cracking conditions E ’ can be calculated 
from the calorific value, the volume of gas made 
per ton of coal and the concentration of merts ’’ 
in the gas, three simple factors which ore easily 
detenmned eipcnmentaOy Ln general, tfie 
values of * E for gas from honzontal retorts 
are higher than those for gas from contmuous or 
intermittent vertical retorts, a fact which shows 
the value of the cracking zone at the crown of 
the honzontal retort The optimum cracking 
conditions in high temperature carbonisation can 
often be obtained in practice by varymg a 
number of factors Temperature appears to be 
the most important of these, but variations in 
the size of the charge m horizontal retorts can 
alter conaiderably the cracking space and the 
time that the gases are m the cracking zone 
The ty pe and size of the coal, the ash m the coal, 
the pressure in the retorts, the amount of steam 
ing and diluent gases the presence of more than 
one ascension pipe, the evenness of the charge 
in horizontal retorts, and the method of heatmg 
and the uniform movement of coal m contmuous 
vertical retorts will all affect the attamment of 
optimum cracking conditions The blending of 
coking with non coking coals or breeze to obtain 
better cokes or cokes from non cokmg materials 
will also affect the yields ofthe vanous products 
It would appear that a little over cracking 
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sitrars occars at sorne stages of coal carboni- 
satioa as a layer of “ retort carbon ” or scarf’* 
gradnally bn'ilds up on the trails of the retort. 
A thin layer of this carlion is useful in sealing 
cracks in the retorts but, from time to time, the 
retorts hare to be left open to the air in order to 


bum off a little of this carbon. This process is 
knotm as “ scarfing the retorts." 

The follotring table (Table VTI) gives typical 
analyses of the major constituents and hydro- 
carbons present in some dinerent types of coal 



Table VII. 

Mixed Durham 
coal £n 

coutfuaous Mixed Durham 

Jliied Durham 
coal in 

Jliied Durham 
coal in 


vertical 

coal in 

horizontal 

intermittent 

Gas from 

retorts 

horizontal 

retorts and 

vertical 

(steamed). 

retorts. 

coke ovens. 

retorts. 

Combustion chamber tempera- 
tures 'C. (approx.) 

1,370 

1,330 

1,360 

1,310 

C.V. of gas, B.Th.U. per cu. fr.. 

.520 

567 

536 

508 

Tar yield (gallons per ton) . 

S-6 

10-2 

9-7 

11-8 

Carbonising period (hours) . 

— 

10 

10-3 (retorts) 

13 

Hvdrocarbon enrichment value. 

31-9 

37-2 

21-8 (ovens) 
34-8 

35-5 

Per cent, coke oven gas 

— 

— 

26 

— 


Gas ArrALTSis. 

Volume percent, of dry gas. 

1. 2. 

3. 

4- 

Carbon dioxide 

1-8 

2-1 

1-1 

1-6 

Oxvgen 

0*5 

0-6 

0-3 

0-0 

Carbon monoxide .... 

9-1 

6-8 

7-4 

I3-S 

Hvdrogen 

55'4 

49-4 

53-9 

52-8 

Methane 

23-1 

27-6 

25-8 

20-5 

Ethane 

0-868 

0-SSS 

0-630 

0-963 

Propane 

0-077 

O-IIO 

0-0.54 

0-157 

Other saturated snbstances boil- 
inr: 

Below 2* 

0-117 

0-029 

0-006 

0-028 

From 2 to 2.5” .... 

0-017 

0-003 

0-002 

0-002 

Above 2JP 

0-152 

0-030 

0-013 

0-108 

Total saturated substances . 

24-3 

2S-7 

26-5 

21-7 

Acetvlene 

0-072 

0-022 

O-OSO 

0-014 

Ethvlene 

1-259 

2-3S4 

1-914 

1-528 

Propvlene 

0-166 

0-273 

0-144 

0-229 

Other unsaturated substances 
boUinz: 

Below 2” 

0-077 

0-061 

0-030 

0-087 

From 2 to 2-5” .... 

0-018 

0-006 

0-014 

0-007 

Above 25” 

0-149 

0-106 

0-069 

O-Ilo 


0-422 

0-758 

0-748 

0-572 

Toluene 

0-171 

0-167 

0-110 

0-142 

Xvlenes 

0017 

0-028 

0-034 

0-072 

Total CnHm 

2-4 

3-8 

3-1 

2-8 

Xitrogen (by difference) 

6-5 

8-6 

7*7 

V'if 


lOO-O 

100-0 

lOO-O 

lOO-O 


Co53)intSA3T05’ OF TEE HoT Gas. — The com- 
bined streams from all the collecting mains of 
the retort setting unite in a trunk main termed 
the “ foul ’’ main, by Trhich they are conveyed 
from the retort house to the condensing plant 
proper, the c-ombined stream having at this point 
a temperature of 50-60'^ and stfil containing 
mnch suspended tar fog, amo unti ng in some cases 
to as mnch as one-third of the total tar pro- 
duction. 

The cooling of the gases to approximately 
atmospheric temperature is efiected by means 


of either atmospheric condensers or water- 
cooled condensers. Although types of the 
former differ in external appearance, the 
arransement is in all cases such that the gas is 
•passed slowly throngh apparatns exposing a 
larve surface to the air, whereby' the sensible 
heat of the gases and the latent heat of the 
-vapours is given up to the" air passing over the 
snrfece. In the water-cooled condensers water 
is employed as the cooling medium in place of 
air. This type of condenser requires a much 
i smaller cooling surface than the atmospheric 
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type, and tbe temperature to which tie gas is expanded into fixed tube plates, and crossing 
cooled can be more readily regulated by con over at the bottom, passes up to the outlet 
troUing the flow of water, provided a euffioent through similar nests of tubes on the other side 
supply of cold water is always available of a central division plate The water flows in 

Fig 10 shows the general arrangement of a senes through all the nests of tubes in general 
horizontal atmospheric pipe condenser, the direction counter current to the gas and passes 
manner of working bemg readily apparent from from one nest to the next by way of suitably 
the iagram A modem horizontal water tube shaped header phtes Two such units are fre 
or battery condenser is shown in Fig 11 This quently used m senes and connections are pro 
type may be taken as representative of modem vided which enable the installation as a whole 
practice The gas enters at the top and flows to be reversed with regard both to gas and to 
down one side of the vertical chamber through ^ter flow This type iS capable of higher gas 
nests of nearly horizontal steel tubes which are and water velocities than an older design in 


i 
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th the tubes are placed vertically JI HoU lisation of naphthalene To avoid this it is 
and S Pexton (Trans Inst Gas Eng 1920- convenient to arrange the connections and 
JO, 79, 257) have shoivn that a battery condenser valves in such a manner that the inlet and outlet 
such as the one described, and in which the gas can be reversed The end previously cold then 
and water velocities are 4 5 ft per sec and 0 18 receives the hot gas and the thick tar becomes 
ft persec respectively.reqmresacoolingsuriace fluid and flows to the tar well, so that bj periodic 
which is only half that required for the same reversals of tho stream blockages from this 
duty in a icrtical wafer tube condenser where cause can bo largely avoided 
gas and water veloaties are 1 3G ft per sec In the early days of gas manufacture tho 
and 0 025 ft persec respectiyclj only point considered was the simple cooling 

^ hen high carbonising temperatures are em of the gas It was soon found however, that 
. plojed especially with certain classes of coal tho manner in which the cooling takes place, 
^tho tar separating in the cold end of the con tg the rate at which the gas is cooled and the 
y denser is apt to become semi solid from errata] degree of contact between condensed tar and gas, 
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has a material effect upon the distribution of mum quantity of naphthalene and other high- 
naphthalene and light oils such as benzole, boiling substances. The importance of the 
betsreen the gaseous and liquid phases. This removal of naphthalene arises &om the fact that 
distribution is also affected by the temperature it is a solid at ordinary temperatures and if not 
to u-hich the tar is cooled when in contact with removed is h'able to be' deposited in crystals at a 
the gas. The object aimed at in condensation later stage. These difficulties are laig'ely-dne to 
is not only to cool the gas, but to carry out the the existence of naphthalene in a state of super- 
cooling in such a maimer as to remove the maxi- saturation in the gas and may be accentuated 



Pig. 11.— Batteex Coitdesseb. 


by bringing tar containing a high concentration sation of the tar and liquor should receive 
of naphthalene into contact with gas having a detailed consideration for, as has^ been shown 
low concentration. The removal of naphthalene by H- HoDings and IP. K- Hutchison (J. Inst, 
from gas is generally facilitated by rapidly cool- Fuel, 1935, 8, 360), the efficiency of any one 
ing, but it is the usual practice to-day to adopt of the primary purification processes is very 
some more positive oil- washing process for the largely dependent upon the efficienty of the one 
removal of the last traces of naphthalene. preceding it. The amount of hydrogen sulphide 

The process of gas cooling and the conden - 1 to be removed from the gas depends upon the 
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amount previously removed ^ the aqueous 
ammonia Lquors, and the efficiency of the 
ammonia -washing plant depends m a marked 
degree upon the temperature of the gas passing 
through it and upon the degree of freedom from 
tar and naphthalene deposits The tempera 
ture and the tar and naphthalene contents of the 
gas depend in turn upon the efficiency of the 
condensers 

The amount of water required to cool, gas 
depends upon the temperature of the water, the 
area of the coohng surface and the rate of heat 
transmission across the cooling surface The 
rate of heat transmission vanes with the 
velocities of the gas and water, the viscosity of 
the tar condensed and the state of cleanimess of 
the metal surfaces on both the gas and water 
Bides Fig 12 shows the relationship between 
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the area of coohng surface of a modem con 
denser with horizontal water tubes and the 
requirements for coolmg saturated gas 
the temperatures stated to 60®F , using 
’ j water at 55^ 

Investigations on the establishment of a 
method for the evaluation of the area of coolmg 
surface required under any predetermined con 
ditions of velocities and temperatures of gas 
and water have been descnbed by H HoDings 
and W K. nutchison (I c ) It has frequently 
been the practice in the past to start &om the 
hypothesis that the quantity of heat transferred 
across unit area of coohng surface is proper 
^ tional to the diQerence in temperature between 
^ ^the gas and the cold surface The proportion* 
/ ahty factor, m suitable units, is the beat-transfer 
coefficient, and attempts are generally made to 


relate this transfer coefficient to conditions in the 
gas, such as temperature, velocity and degree of 
saturation In a condenser the temperature of 
the surface of the tubes cannot be readily deter 
mined directly, and results are then given in the 
form of an overall coefficient, which mcludes the 
coefficient for transfer of heat from the tube to 
the water and is based on the overall tempera 
ture diSerence between gas and water This 
procedure may be justified m a well designed 
unit with a low resistance to heat transfer on 
the water side as compared with resistance on 
the gas side, so that the temperature of the tube 
approximates to that of the water flowing m it 
The resistance to heat transfer on the water 
side IS not always neghgible, however, nor is it 
a constant proportion of the total If the rate of 
beat transfer m a condenser is related not to the 
diflTerence in temperature between the mam 
body of the gas and the coolmg surface, but to 
the diflerence between the partial pressure of 
water vapour m the gas and the vapour pressure 
of condensed water on the coolmg surface, a 
coefficient is obtained which remams nearly con 
stant over a wide temperature range Results 
interpreted on the basis previously referred to 
give heat transfer coefficients which mcrease 
rather rapidly with nse m the temperature of 
the gas (c/ Cooper, Trans World Power Conf 
FuelConf 1928,2,387) 

The common sources of water available for 
use ui the condensers are nver or canal water, 
town’s or well water, gas bolder tank water and 
the water used in the boilers for steam raising 
The circulation of gas condenser water throng 
cooling towers does not represent general 
practice, but it appears to be worthy of con 
sideratiOD River or canal water is frequently 
too warm to ensure efficient condensation, par 
ticularly m the summer and in those coses where 
the river or canal is sluggish and is used for con 
densing exhaust steam from turbines The 
water from a gas holder tank can be used only 
under certain limited conditions Town’s water 
and well water are normally below 60®F and 

which they should be used depends on costs 
It IS often advantageous to use water from two 
sources, subjectmg the gas to a prehminoiy 
cooling by means of water from one of the 
cheaper but leas efficient sources indicated above, 
and then finally cooling with well or town’s 
water which may be subsequently used in the 
boilers Its use m the condensers entails no cost 
apart from water cormections It has been sug 
gesled that the reason why this system is not 
more commonly used is the nsk of contammatmg 
the boiler fe^ water with tar or ammonia 
through leakage of the condenser tubes There 
IS no ground for this objection, provided that 
the pipe which carries the water from the con 
densers to the boiler feed tank is vented to air at 
a point sufficiently well above the top of the 
condenser to ensure that a greater hydrostatic 
pressure may bo mamtained m the uppermost 
water tubes of the condenser than in the gas 
space surrounding the water tubes It must not 
be overlooked that the dissipation of heat in the 
condensers represents a thermal loss m the 
carbonisation process 
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Daring fBe vrhdle of the condensatioa. in- 
cluding that occarnng in the retort house, there 
separates &oin the gas 9-15 gaHons of tar per 
ton of coal (varying -srith the coal and the con- 
ditions of carbonisation) together trith 10-15 
gallons of arum onia cal liqnor. These both fio— 
together to the treli or tveEs, to vhich any tar 
and liquor &oni the snhseqnent apparatus also 
gravitate. The condensed vater removes a 
large proportion of the ammonia &om the cmde 
gas — nsn^y about half of the 400-450 grains 
per 100 ca. ft. contained in the gas issuing from 
the retorts. The ammonia sointion also extracts 
the vhole of the hydrochloric acid in the gas 
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derived from chlorine in the coal — and some of 
the carbon dioxide, hydrogen sulphide and 
hydrocyanic acid. The liquor obtained in con- 
densation is termed “ virgin liquor,” that por- 
tion formed in the retort house being usu^v, 
though not invariably, veah and containing 
from O'o to 1-5^0 of ammonia, Trhilst that from 
the condensers is more concentrated and mav 
contain 4% or more. The cooled gas mostly 
contains some 200 grains of ammonia and 50- 
100 grains of hydrocyanic acid per 100 cu. ft., 
some 1 — 2^0 of hydrogen sulphide and 1-3% of 
carbon dioxide. In addition, there is also an 
appreciable amount of tar fog, vhich has not 




been removed firom the gas in its passage 
throngh the condensers and vrhich, if not pre- 
■rionsh- extracted, is deposited in the subsequent 
purifrimg apparatus, renderirig them much less 
efficient. 

ExKtrSTE3S. — The gas pump or exhauster 
ba.g been an essential piece of gas-Tvorks plant 
ever since the days vhen the industry changed 
from the cast iron to the fireclay retort. It is 
called upon to exhaust the crude gas from the 
retort house at a suction of 4^10 in. vrater gauge, 
and to drive the gas through the subsequent 
series of purification plant and ultimate^ to 
raise the gas-holder bell, vhich necessitates a 
back pressure of 25-60 in. vater gauge. 


The tvpes of machine trhich are nov used for 
tbb purpose are : 

(1) Sov speed rotary. 

(2) Tta-bo. 

The slofs speed rotary machines take one of two 
forms. The first is' the Beale type or later 
develapments of it, as shown in Up. 13 and 14. 
These machines operate at approximately 60-70 
revolutions per minute. The second type of 
rotarv machine is a development of the Roots 
blower, consisting of two double lobe impellers. 
TTii^ tvpe of exhauster, which in its modem 
development is the ConneisviDe, is shown in 
Uz. 15. 'Di® speed varies between 150 and 350 
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mentary exhausters are usually of the 
fan type, capable of giving a differential 
pressure of 20 in of water gauge 
Exteaction of Tae Foo — To 
eliminate the remaining tar fog &om 
the cooled gas, many mechanical 
devices have been evolved, based on 
impmgement of the gas upon surfaces 
or on centnfugal action A common 
method m English works is to com 
bme the removal of the tar fog with 
the removal of the last traces of 
ammonia, m an apparatus which 
breaks the gas up into a number of 
fine streams which are babbled through 
ammoniacal hquor This serves the 
double purpose of removmg tar fog 
and of strengthening the weak hquor 
which IS fed into the apparatus An 
effiaent apparatus of this type is the 

of which is shown m Fig 17 This 
washer consists of a parallel senes of 
troughs arranged m a cast iron rect 
angular vessel, the lower portions of 
which are perforated with holes 5*^ m 
m diameter, as shown, this portion 
bemg sealed m ammomacal hquor 
The gas entenng at the top passes 
down between the troughs and forces 
some of the hquor through the holes 
into the interior of the troughs, thus 
usseahng tbe holes, through which the 
gas then bubbles, as well as through 
the second perforated plate across the 
width of tbe trough The hquor in 
the trough is broken up into foam and 
effects the removal of the tar fog and 
also ammonia, the washed gas passing 
away through the open end of the 
trough to the gas outlet With 


revolutions per minute accordmg to size In 
larger installations at tbe present time tbe pre 
ference is now being given to the high speed 
turbo exhauster of the Bateau type v^ch 
operates at several thousand revolutions per 
minute There is also the further type of turbo 
machine with star shaped impeller running at 
8 000-10,000 revolutions per minute (Fig 16) 
The advantage of the two last types is that in 
addition to acting as gas pumps they also act as 
very efficient tar extractors 
Tbe position of the exhauster is entirely 
arbitrary, but it is normally found in sequence 
between the condensing and washing plant, but 
it can bo placed prior to the gas condensers and 
immediate!} upon the outlet of the retort bouses 
In any case the plant has to be equipped with 
dehcate govenung arrangements to take account 
of the varying flow of gas and to maintain con 
stant suction The normal power for dnving is 
steam on account of the improved rehabibty in 
operation obtained thereby, but electricity can 
be ami has been used as a motive power On 
the largest gas works the addition m recent jears 
of a number of refinements in the purification 
process has so increased the back pressure against 
which the exhausters have to pump that supple 
mentary exhausters placed after the oxide 
purifiers have been installed These supple ' 
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proper — orking the amotmt of tar fog can be 
redcced to belopr 10 grains per 100 caJ”ft. 

The procedure triiich has been adopted by the 
gas indnstry in the past has been largely deter- 
mined by the fact that tar nfll not adhere eSec- 
tively to baSing stnfaces nnless the temperatnre 
of the gas is reduced to the region of lOO^F. 
Cooling of the gas to this temperature is thus 
essential in order to eSect an eScient tar-separa- 
tion by mechanical means. The electrical preci- 
pitation of tar is receiving considerable atten- 
tion. and it has been shovm that Cottrell’s pro- 
cess may be applied to the removal of tar fog 
from coal gas at all temperatnies trp to 160T„ 
the maximum temperature of the gas at the out- 
let of the hydraulic main. Fig. IS shovs a 
precipitator of this type as used in a gasvarks. 

Asnsrorru. Recovxbv. — To complete the re- 
moval of the ammonia the gas is nov trashed 
nith trater or treak ammoniacal liquor. One of 


the oldest forms of apparatus for the purpose vras 
the tOTver scrubber, in tvhich the gas passed 
counter-current to a stream of -water in a totrer 
filled -with coke, -wooden boards on edge or 
other material which would give a large smface 
area. In place of these towers rotary washers 
are now largely employed. Several efficient 
types are in nse. one of which, the FfrhbaTn 
washer, consists of a horizontal cylindrical vessel, 
di-vided internally into compartments by vertical 
plates which have openings, where necessary, to 
allow passage of the gas. In each compartment 
is a disc keyed to the central revolving shaft. 
This disc, -with the exception of the central por- 
tion, is fitted -with bnndles of thin wooden 
boards or sheet-iron plates, fixed together in 
snch a manner as to allow free passage of the gas 
over their surface.' The gas, in traversing the 
apparatus, passes o-ver this surface, which is kept 
wetted by revol-ving through the liquor in the 



bottom of each compar liuenr, and effiects the 
remo-val of the ammonia. The Holmes washer 
(Fis-. 19). which is largely in -use, resembles -the 
foreuoing in main outline, hut special brushes 
are used to form the necessary -washing surface 
(cf. cho Ausosprrorr). 

It is now realised that important economies 
can be eftected hy reducing the quantity of 
water used. The use of weak liquor as the 
scrubhinx medium, to the partial or c-omplete 
eftminatron of water, is dependent upon e-fficient 
cooling of the gas and upon the provisian of 
-washers of adeq-uare capacicy. In some cases, 
ne-VEirtheIes=,the total capital charges in respect 
of any necessary additions to condensing and 
washhis plant may he more than oSet by the 
visible economies resulting from the production 
of a strtraser licruor, -without any reference to the 
other advantages associated -with the use of 
eScient cooling plant. 


A suitable medium for the replacement of 
■water may be obtained by fractional conden- 
sation of tfio -virgiu liquor (Trans. Inst. Gas Eng. 
1927-2S, 495). The weak ammoniacal liquor 
■which condenses in the first part of the con- 
densers is not allowed to mix with the stronger 
liouor condensing further down, hut is drawn 
oft separatelv. The strong fraction is passed to 
the stronv liouor tank and is not re-circnlated, 
but the excess weak liquor is passed through a 
cooler and then to the -washers. In order to 
obtain a strong liquor it is necessary to ensure 
that the temp^ture of both gas and liquor in. 
the w.TTTTTt n ntp. -recover V plant is as low as possible, 
and that the retort-house circulation system 
and condensers are so operated that the am- 
monia concentration in the gas entering the 
■washers is also as low as possible. In the 
recoverv of ammonia liquor on the gasworks and 
[ its conversion to sulphate of ammonia there are 
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the influence of the presence of carbon dioxide 
and of hjdrogen sulphide in the sjstem The 
ammonia and carbon dioxide raponr pressures 
of eolations of these two gases have bera deter 
mined by S Pexton and E H Badger 
(JSCJ 1938 57, lOG) at various temperaturca 
hen hydrogen sulphide is added to each eolu 
tions it comb nes with half its equivalent of 
ammonia and the resulting hydrosulphide has 
no effect on the vapour pressures due to the 
remaining ammonia and carbon dioxide The 
vapour pressures of aqueous solutions of am 
monia and carbon dioxide are increased by the 


addition of ammonium chloride The virgin 
liquor condensed from horizontal retort gas con 
tarns less carbon dioxide than docs that from 
vertical retort gas Because of this deficiency 
of carbon dioxide, the virgm liquors obtained by 
the method of fractional condensation desenhea 
above is a less eIBcient washing medium when 
derived from horizontal retort gas than those 
obtained from vertical retort gas This in 
fenonty may be rectified by the addition of a 
small quantitv of carbon dioxide to the liquor 
pnor to its use m tho washer 
The process desenbed above in which the gas 
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is cQCilia. bj passage throagb. coadensers fcefoie 
scrabfciag oat tbe araaioaia, is tfce only oae ia 
geaeral ase ia tbs gas iadcsrry and is knovn as 
tbs indirect prccess. Tvro other methods of 
ammorda recoTsry — the direct and semi-direct 
prcoesaes — are in nse in the coke-oten indnstry 
(r. Coss dlirrcTiCTCEH ayn tee: Ezcotzst or 
BT-EEonrcTS). In the direct process the gas 
is feed Lorn tar fog and then passed directly to 
the satnrator at a temperatnre of abont 75^C. 
The semi-direct process consists essentiaEy in 
cccimg the gas h-elorr its de-w-point (2.5-4-irC.) 
and then re-beating to abont 66^" before passage 
into tbe satnrstors. It is claimed that tbe cool- 
ing is necessary for tbe satisfactory removal of 
tar and tbe prodnction of good qnality sniphate 
of ammonia. Tbe relative merits of these three 
methods of ammonia recovery have been con- 
sidered by the Ammonia Snb-jCommittee of the 
Instrtntion of Gas Engineers (2nd and 3rd 
Reports, 1929, 1930). The opinion is expressed 
that there is little libeKhocd of any drastic change 
in present gas-vrorks practice being adopted 
with economic success in the immediate fctnre. 

In the event of either the semi-direct or the 


direct process being adopted by tbe gas indnstry, 
the chief difficulty would be that existing con- 
deasmg and recovery plant would have to be 
scrapped and a completely new type of plant, 
involving fesh expenditure, be adopted- 

The development of the manufacture of con- 
centrated gas Honor and its treatment at central 
chemical works is described bv P. Parrish (Inst. 
Gas Engrs. 1939, Comm. No. 213). 

The disposal of waste effiuent-Hquors from 
ammonia EtEEs is a matter which requires close 
control and considerable attention bas been 
given to the subject by the industry. A recent 
work by A. Key (Gas Worts Effiuents and 
Ammonia, Instftution of Gas Engineers, 1933) 
reviews 12 years’ systematic wort. 

Hydsog:^ SrrFEiBE Emrovii.. — ^Ihe crude 
gas leaving the retorts contains hydrogen sul- 
phide in a quantity depending upon the sulphur 
content of the coal and the method and con- 
dition of carbonisation. With an average Dur- 
ham coal containing 1-5% of sulphur, carbonised 
under normal bigh-temperature conditions in 
horizontal retorts, the hydrogen sulphide con- 
tent of the gas entering the condensers will be 



between 550 and 650 grains per lOO cu. fr., f.e. 
about 1% by volume. Of tins some 10-15% is 
removed from the gas by combination with 
ammonia, about 500 grains of hydrogen sulphide 
per 100 cm ft. remaining to be removed from the 
gas leaving the ammonia washing plant. Other 
imnurSiss are also present, namely, 1-3-5% of 
carbon dioxide, together with smaller amounts 
of other impurities including 10-50 graios of 
sulahur per 100 ca- fr-, as oz^znlc sulphur com- 
ponn-ds, chiefry carbon disulpbide. and fern 
40 to SO grains of hydrogen cyanide. Of these 
the Lvdrogen sulphide must be removed to an 
extent which is practically complete. St rin gent 
statutorv provirion is made to this efrect in Acts 
of PaiHament controlling gas undertakings. 
The carbon dioxide is not in itself deleterious, 
but was fbrmeriv frequently removed owing to 
its adverse efrect upon illumfnatfng power. The 
hvdrogen cjznide is extracted more or less com- 
pletely durinu the removal of the hydrogen 
sulphide. 

It should be noted that in A merican and Con- 
tf-.c-Tf?.T practice the hydrogen sulphide cou- 
centratfon is feouently as low as 300 grains per 
cu, ft. TpS- fact- must be home in mind when 
comparing desisns of plant and costs of purid- 


carion. On the other hand, gas obtained ftom 
other coals or by the low-temperature carboni- 
satiou of coal may contain much higher cou- 
centrations. 

The ptirifr i ng material employed for the 
removal of hvdrogen sulphide is moist hydrated 
oxide of iron, the naturally occurring bog-rrou- 
ore being used largely for the purpose. This con- 
tains a sufficient amount of fibrous organic 
matter to render the mass porous and allow of 
the passage of the gas through it- Where 
artificiallv prepared ferric hydroxide is em- 
ploved, it is mixed with a filler such as saw-dust 
or wood chips, to give the required porosity. 

The material is charged in even fryers into 
rectangular casr-rron or remfbxceu concrete 
vessels containing wooden grids to carry the 
oxide, the thickness and number of fbe fryers 
varying according to the size of the purifier. 
In the older type of purifier the Hd was rendered 
<ms-t^f by" the provisiou of vertical sides 
dropping into a water lute cast around the 
periphery of the puriSer. So long as the pressure 
of the within the box does not exceed that 
eoual to the depth of the water seal, no gas Cim 
escape. As, however, cases have occurred in 
which the gas has escaped through the seaL the 
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present practice is the adoption of Inteless hds 
which arc bolted to the purifier and made gas 
tight by the insertion of a rubber ]omt between 
purifier and cover A modem purifier of this 
type IS shown m Fig 20 

The purifying medium may be re^trded as a 
mixture of ferrous and ferric hydroxides on 
which the hydrogen sulphide m the gas reacts 
m the following ways 

(1) Fe(OH)2+HjS-FeS+2HjO 

(2) 2Fe(OH),+ 3H8S=Fe2S5+6HjO. 

The reactions between the iron oxide mixture 
and the impurities m the gas will, in the absence 
of added alkah, gradually develop acid con 
ditions Such conditions retard the absorption 
of hydrogen sulphide and more especially 
hydrocyamc acid Iiloreover, a shgbt alhahnity 
considerably assists the absorption of both these 


I substances It is usual, therefore, to admit a 
wttutll quantity of ammoma to the boxes , up to 
4 grains of ammoma per 100 cu ft is usually 
sufiScient Larger quantities affect the nature 
of the products derived from the hydrogen 
(^mde It 13 now recogmsed that moisture 
also plays an important part B H Clayton, 
H E Williams and H B Avery (Gas J 1931, 
196, 311) have found that air dried oxide is very 
inefficient as an absorber of hydrogen sulphide 
or hydrogen cyanide from coal gas and that 
moisture is essential for the reactions between 
these impurities and the oxide Conditions 
which favour the effective removal of hydrogen 
cyanide from the gas are ideal for the removal 
of hydrogen sulphide In several works in 
England it is now customary to remoisten the 
oxide tn situ by opemng the box and spraying 
the oxide with water until a sufficient degree 
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of humidity is reached This operation may be 
repeated several times before the box is emptied 
At other works wet steam is introduced for this 
purpose 

When the mass has ceased to absorb hydrogen 
sulphide it may be removed from the purifier 
and spread out to give exposure to the air 
By this means the iron sulphides are oxidised, 
reforming hydroxides, with separation of free 
sulphur As soon as the revivification is com 
plete thebmass can bo returned to the purifier 
for the extraction of further amounts of hydro 
gen sulphide, this alternative process of foulmg 
and revivifying being continued until the mass 
contains 66-70% of sulphur It may then bo 
sold for its sulphur content being used chiefly 
for the manufacture of sulphuric acid 

As the crude gas entenng the punfiets always 
contains some inherent oxygen, revivification 
takes place to some extent by this means 


Nevertheless, reliance on this source of oxygen 
alone would necessitate frequent removal of the 
oxide mass from the box Under modem con 
ditions additional air is introduced mto the 
purifiers with the gas, bo that the life of the oxide 
in the box is increased and the number of changes 
for external revivification, and consequently the 
cost for labour, considerably reduced A limit 
to the amount of air added is fixed by the fact 
that excess oxygen and nitrogen remaining m 
the gas affect its quality Also, if the excess 
of oxygen reaches a certain concentration, the 
separated sulphur may even fire in the purifiers 
and, apart from the damage caused in the box, 
the gas may bo contammated with sulphur 
dioxide The temperature of the gas passing 
through the box should not fall below about 16% 
smee the action of the oxygen then becomes too 
slow 

Ihe purifiers arc usually worked m seta of 
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Cost of C5~ oiida : 

Per ten of 3ie~ oiids 
fer ten of scipinrr 
Cost of disrosnl cf spent 
oiids: 

Per ton of spent onida . 
Per ten of snlpicr . . 

Total cside cSnrges : 

Per ton cf snlpiinr . . 

Per 1,030 on. ft. of gas . 
Process charges (inoTing 
Glide) ...... 

Seperrison and tnainten- 
ance of pnrides and 
braidings 

Total operating cirarges . . 

Credit for spent cnida : 

Per ton cf snip anr . . 

Per 1,000 cn. ft. cf gas . 

ISet operating charges . . 

(Capital (5% on £5^00 per 
T-fPf gn cn. ftr per rnaai- 
r- i TT- i day, 250 -ii-. 

cays per year) . . . 


The rise of torreis in preference to the cus- 
tomsry iorizontal pnriScation-tioxes is being 
adopted in Germany and also in this country. 
The main ohjectiyes are mfniTnTTTn space require- 
ments, tnTniTTTn-rn excavation, ease of operation 
and control, mhnmmn labour in charging the 
parinring material in a single shirr, minimnm 
e quipm ent and installation costs and TninTmTnn 
operating expense vrith even distribution of 
labour thronghont the year. A desciiptioa of a 
plant of this type has been given W G. IL 
Croft (Inst. Gas. Eng., Conun. Xo. 212, 1939). 

Although a considerable amount of attention 
has been devoted vith varying degrees of snceess 
to nerv methods of gas pmiScation, using both 
vet and dry reagents, the oxide of iron method 
is still the" method in general use. The high 
extraction eScfency required in this country is 
readilv attainable at a cost .rHch has defied 
attempts to supersede it. In other countries 
other "purification processes are also in opera- 
tion. 

Tn tire Koppers Iron Sulphnr Process the gas 
is brought into contact vith a suspension of iron 
hydroxide in sodium carbonate solution. The 
suspension is then subjected to the action of 
atomised air -which revivifies the puriftung 
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medium and liberates free sulpliur In a modifi 
cation of 11ns process the iron hydroxide la 
replaced by a soluble nickel salt 
Tho Petit process of liquid purification uses 
potassium carbonate to remove hydrogen sul 
phido In regenerating the fouled liquor, carbon 
dioxide 13 introduced whereby tho Iiydrogen stil 
phide is expelled , bicarbonate is then converted 
to carbonate by beating, the carbon dioxido 
being recovered Tho expelled hydrogen eul 
phido IS absorbed m iron oxide from which the 
sulphur IS recovered after revivification with 
air 

Tho removal of the organio sulphur compounds : 
from tho gas presents much greater difficulties 
than docs that of hydrogen sulphide Con 
Biderablo attention is non being devoted to the 
elimination of these orgamo compounds and 
recent researches have made possible a con 
Biderablc reduction in tho sulphur content duo 
to these substances Before discussing the 
matter in detail, hovover, it is desirable to con 
Bidcr the removal of naphthalene and of bcnxolc 
from gas with which latter operation tho chtni 
nation of sulphur compounds is closely connected 
Nathtiulenb BEMOVAt — Sfention has al 
ready been mado of the difficulty which can arise 
from blockages both in tho plant and mams on 
tho works and on the mama and services in the 
district of supply, from tho deposition of solid 
naphthalene from the gas In tho early da>s 
of tho industry, when lower carbonisation tern 
pcraturcs were employed, no difficultv was 
experienced in this respect, as, although con 
sidcrable amounts of naphthalene w cro even then 
present in tho hot gas, tho amount of other tar 
constituents boiling at the same or & lower 
temperaturo than naphthalene was sufiicient to : 
effect a nracticallj complete washing out of tho 
nsph thaieno from the gas In the ordinary process , 
of condensation As carbonising temperatures 
increased, trouble from naphthalene became 
tnoro and more noticeable, ot first only whero 
coals from tho Burham coal field were carbonised, 
but eventually, ivith still higher carbonising 
temperatures, from all classes of coal, and very 
serious nuisance from naphthalene stoppages 
took place, both manufacturers and consumers 
being affected 

The difficulty arises from tho fact already dis 
cus«cd, that incren«ed carbonising temperoturcs, 
jiarticularly when there is nl'io a considerable free 
space aboie tho coal in tho retort, effect an in 
creoso in tho production of naphthalene and a 
decrease m tho production of lowei^boihng tar 
oils Tho proportion of the latter is then in 
8afr»cieni to effect tho complete washing out of 
tho naphthalene from the gas at the cold end 
of tho eondenaer, and the gas may, therefore, 
lease the latter almost saturated with naphUia 
lene V apour at tho temperature of the condenser 
outlet, such gas then becoming supersaturoted 
on further cooling in tho works or distnet of 
supply, and then under favourable conditions 
depositing solid naphthalene, mostly in the 
form of verv bulky tlaky crystals, a very small 
weight of which is capable of causing a senoos 
blockage 

Two methods of treatment may be cm^doyed 
the one consisting m washing the gas with salt 


able naphthaleuo solvents and tho second m 
adding to tJie gas the vapours of certain Lquids 
which dissohe naphthalene The method nor 
xnally employed in this country consists in 
scrubbing tho gas with oil in ^ washer of the type 
used for ammoma rccoi cry The oil may bo the 
creosote or green od fraction of coal tar, boihng 
at 270-350®, or petroleum gas oil may bo used 
A number of other soU ent oils have also received 
attention Tho removal of naphthalene is fre 
qnently undertaken simultaneously with benzole 
extraction on thoso works at which tho latter 
operation is carried out 

ElTBAonow OF Benzole — Tho recorerv of 
benzole which has long been practised by tho 
coking industry, exerts a marked influence on 
production figures because it derives benzole not 
only from the by product tar but also from the 
gas, winch contains 20-30 times as much benzole 
per ton of coal as does the tar So long os tho gas 
industry on tho other hand was selling on a 
luminosity basis, gas from this latter source 
could not bo exploited for the production of ben 
zoic Tho abnormal conditions caused by the 
war (1914-16), however, followed in 1020 by the 
removal of tho restrictions on tlio illuminating 
power of tho gas, created a different position 
Even so, the relatively high value of benzole in 
gaseous form may still mibtate against its 
recovery, except under specially favourable con 
ditions These depend on a number of factors 
which have been considered m detail by H 
Ilollings (Trans 11 orld Power Conference, 1030, 
2,C3) 

Tlic recovery of benzole at gasworks by means 
of oil waslung became general m this country 
during tho war (1014-18) and reached a peak in 
1917 At the end of the war production fell 
again but has recently increased as the result 
of tho fiscal cBsctcacnta, ahtady described 
(p. 435), designed to encourage the production of 
spirit from indigenous materials This pohey 
has resulted m a considerable development of 
benzole extraction from gas on the gasworks, 
tho quantity of spirit so produced being esti 
mated at between 10 and 11 miUion gallons in 
1934 (A K Steel, J Inst Petroleum Tech , 1935, 
21, 450) The number of gas undertakings 
responsible for this production — some 20% of 
tho country s total production — was then 
about 00 

Similar results from protective measures ran 
bo scon in other countries where a falling off in 
imports IS being accoropxmed by an increase in 
tho quantity produceti internally 

Benzolo ^ds a ready sale as a motor fuel, for 
nhich purpose it has valuable properties Jn 
addition some 30-40 milhon gallons per annum 
or 16-20% of tho ivorld a production, is used for 
industrial purposes Tho continued growth of 
tho automobile industry should ensure a ready 
outlet for considerably larger quanfitic<, as the 
present consumption forms only a small per 
centago of the total consumption of motor spirit 
W O Adam ond G W Anderson (Tran** Chem 
Eng Congr, A^orld Power Conf 1930, C 7) 
state that this percentage ranges from a mmf 
mum of 0 6% m tho United States to a maximum 
of about 10% in Germany 

Reference is made in this section to those 
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a~pecls of benzole production "B-hicii have par- 
ticular reference to its recovery from coal gas 
on the gas-vrorks. Standard methods adopted 
for the recovery of crude benzole from coke oven 
gas by the coking industry are also emploved 
by the gas industry (r. Coke JliKCTACTTEE irro 
P.ECOVESY or Br-PEODrcrs). 

The ■svell-established method for the recoverv 
of benzole from coal gas, knotvn as the oD-tvashins 
process, has a number of definite advantanes 
■when considered from the viewpoint of the gas- 
vrorks and, in fact, it was until recently the only 
method employed. The process consists essen- 
tially in scrubbing the gas in a washer containing 
gas oil or other suitable oil. The w?,shinn o3 
used, whether it be creosote oil or gas oS, is 
usually readily obtainable and there is a ready ] 
means of disposal of the spent oils in each case. 
The former can be run to the tar tanks, whilst the 
latter may be disposed of in the carburetted 
water-gas plant. Another advantage of the oil- 
washing process in comparison with the adsorp- 
tion process described below L= the comparative 
ease rrith which the removal of benzole may be 
combined -with the removal of naphthalene. In 
fact the two operations can be carried out in a 
single -washer. In many cases it is considered 
essential to install an oil washer for the removal 
of naphthalene, irrespective of whether benzole 
is removed or not. In such circumstances the 
process of benzole removal is obviously free 
from the capital charge in respect of the 
■washer and has to bear only the capital charge 
of the oil circulation and distillation system. 

It is desirable to use separate washers for 
naphthalene removal and benzole recovery, 
■when complete freedom from naphthalene in the 
gas is desired- In such cases, if the naphthalene 
washer is placed after the benzole ■washer, 
ad'vantage mat* be taken of the increase in 
absorptive capacity and reduction in ■viscosity of 
the -wash-on ^ the benzole scrubber, caused by 
the presence of naphthalene in solution in the oil 
(Eeport Benzole Eesearch Committee, 192S, 151). 
The oil fed to the naphthalene -washer should be 
quite free from naphthalene; this presents no 
diSculty if gas oil is used for carburetting in the 
■water-gas plant. There appears to be no objec- 
tion to the use of oil from the naphthalene 
scrubber for making up losses in the benzole 
scrubber, pro-rided the same type of oil is used 
in both. 

The type of washer used has an important 
bearing upon process eSdency. The multi-bay 
horizontal rotary -washer is popular in the gas 
indnstiy,'becanse of its low back-pressure and 
ease of rontrol but, as sho-wn by L. Silver (Gas J., 
1934, 205, 372), it is unsuitable where a high ex- 
traction- and process-efficiency is desired, owing 
to the impossibility of maintaining the necessary 
bTg'h rate of circulation of the -washing medium, 
which is of the order of 60-90 gallons of gas oil 
per 10,000 cu- ft. of gas. Its use is, therefore, 
limited to the partial extraction of benzole from 
gas. A -washer free from this drawback is the 
multi-stage static -washer, which consists 
essentially of a series of tower scrubbers and so 
possesses features snnilar to these. It approaches 
more closely to the ideal of counter-current flow 
and pro-rfdes the required contact between g£s 
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pressure are additional advantages. The results 
of a comprehensive survey of the absorptive 
capacities of oils which have been used or pro- 
posed for benzole recovery are summarised bv 
IV. H. Hoffiert and G. Qaxton (Inst. Gas Eng. 
Comm. 1930, Xo. S) in a discussion on benzole 
recovery -with particular reference to gasworks 
practice. 

The ability of certain specially prepared char- 
coals to adsorb gases and vapours has Ions been 
known, but it was not until recent years that 
this property has been utilised on a large scale 
for the extraction of benzole from coal gas (t-. 
\ oL m, 271—276). In 1916 the Bayer Com- 
pany of Germany patented (G.P. 310092) a 
benzole-recovery process employing activated 
charcoal Since that date considerable interest 
has been displayed in this alternative method 
for the recovery of benzole and large-scale plant 
1 are now in operation. One of these installations, 

1 at the Beckton Works of the Gas Light and Coke 
Company, has a daily capacity of 70-75 million 
; c-u. ft. of coal gas and an outpnt of 20,000 gallons 
of benzole. Operating efficiency is 92-5% (c/. 
j H. Ho!l!n23 and S. Hav, Chem. and Ind- 1934, 
53, 143). “ 

' The efficiency of the oil-washing process, 
which is still the more popular, has increased 
appreciably as the result of competition from the 
active-carbon process. The quality of the ben- 
zole produced, and also the consumption ' of 
steam, have improved so that the difference 
between the two processes is not now so marked 
as it -was when the active-carbon process was 
first introduced- The production of "benzole 
from coal gas has been comprehensively dealt 
with by W. H. Hoffert and G. Claxton (“ 3Iotor 
Benzole,” Xati'onal Benzole Association, 1938). 

The quality of the crude benzole derived from 
coal gas depends largely upon the conditions of 
carbonisation (c/. W. A. Voss, J.S.CL 1930, 49, 
343T.). In general when the products of car- 
bonisation escape from the gas retort or oven 
■without having been submitted to secondary 
thermal decomposition, the crude benzole re- 
covered contains a relatively high proportion 
of paraffins and also of unsaturated hydro- 
carbons. For example, benzole from gas made 
in a lishtiv filled horizontal retort contains less 
unsatmrated and paraffinic substances than does . 
that recovered fix)m gas made in continuously 
operated vertical retorts or in completely filled 
intermitteatly operated retorts. • 

Eesiotal of Qbgaztic SxrxFHitE-CostFOTTsps. 

— The increased efficiency of benzole extraction 
in the gas industry during recent years has had a 
marked effect- upon the sulphur content of the 
gas distributed. Eednction of the organic sul- 
phur content of town’s gas to a minimum is 
desirable in many -ways, notably in reducing 
corrosion of heating appliances, in enabling flue- 
less heaters to be more generally used -without 
nuisance firom the odour of sulphur oxides, and 
in improving furnace atmospheres in the heat 
treatment and, more particularly, the bright 
annealing of metals. Several processes, whereby 
the sniphnr content can be reduced to 10 grains 
per 100 cm ft., have been tested in large-scale 
operation- 
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The process of the South lletropohtan Gas I 
Company consists m passmg the gas at 450® 
over a catalyst of nickel on porous fire day 
(e/ E V Evans, JECI 1916, 34, 9) Under 
these conditions the carbon ^sulphide reacts 
with hydrogen in the gas, yielding hydrogen 
sulphide and carbon, 

CSj+2H8=2HjS+C 

In carrymg out the process the gas freed from 
hydrogen sulphide passes first through a tubular 
heat exchanger, where it is heated by the hot 
gas coming from the catalysmg tubes, and thence 
to a heated chamber in which are assembled the 
vertical 6 m tubes filled with the catalyst, mam 
tamed at 420-440® The treated gas passes 
through the heat exchanger, giving up a large 
portion of its heat to the mcoming cold gas, and 
thence, after coohng, to oxide of iron porifiers 
for the removal of the hydrogen sulphide Apart 
firom the conversion of the carbon disulphide 
and the decomposition of a small amoont of 
hydrogen cyanide to ammonia, no material change 
takes place in the gas The carbon deposited 
durmg the reaction accnmulatcs on the catalyst 
and 13 pcnodieally removed by burmng under 
controUed conditions in a stream of air 
The active carbon process removes about 75% 
of the total sulphur compounds Methods for 
their separation from the benzole are given m 
detail by W G Adam and O W Anderson (I e.) 

The normal oil washing process removes only 
about half the above quantity of sulphur A 
modified method has, however, been described 
by W E. Hutchison (lost Oas Eng 1937, 
Comm 2^0 175, </ B P 443094), whereby the 
aulphoi content of ^e gas should be ecooonucally 
reducible to less than 10 grains per cu ft. In 
this process more than the normal quanbty of 
oil 13 circulated, but it is distilled under reduced 
pressure to mimmise steam consumption 
A catalytic process for the removal of the 
OTcamc sidphur compounds which is capable of 
reducmg the sulphur content to 4 grams per 
100 cu ft is described by B H Gn^lh (f^t 
Gas Eng 1937,Comm Iso 175) Itisexpected 
that gas treated by this catalytic process 
followed by active charcoal treatment for the 
recovery of benzole, wUl have a sulphur content 
which may be below 1 gram per 100 cu ft 
A catalyst consistmg of mekel deposited on 
white chma clay is employed The catalyst 
used appears to difier in two respects from that 
employ^ m the South lletropohtan process 
The latter was (a) prepared from mckel chloride 
by the action of coal gas at a high temperature 
without the intermediate production of the 
hydroxide, and (6) deposited on a different sup- 
port matena] l\o depontion of carbon on the 
catalyst takes place in the more recent process 
The reaction is one of oxidation, the sulphur 
compounds undergomg catalytic oxidation to 
sulphur dioxide and carbon dioxide by combina 
tion with oxygen m the gas 

CSj-f-30*=C0,-t-2S0, 

2COS-|-30,=2CO,-t-2SO, 

This process has the advantage of ebnunating 
nitnc oxide simultaneously, an important feature 
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where trouble is experienced from nitrogenous 
gum formation m gas (see p 46Sa) 

SiMCLTAsrotrs Bemoval of H^DBoaE^ Six. 
pHtDE, Cabbov Dioxide and Cabbov Discl- 
PHiDE BT Means of Tjwe — ^T his old process 
consists m subjectmg the gas to the action of 
calcium bydrosnlphide formed by the action of 
hydrogen sulphide on hme The calcium hydro, 
sdphide absorbs so large a proportion of the 
carbon disulphide that the to^ amount of 
sulphur left in the gas can be reduced to 12-20 
grams per 100 cu ft The objections to this 
process are as follows 

(1) The spent material consists of a mass con 
taming calcium sulphide, having a smell of 
hydn^n sulphide, etc 

(2) The dischargmg of the spent matenal 
from the boxes is unpleasant to the men em 
ployed 

(3) The process is somewhat uncertain m 
action 

(4) Great difficulty is experienced m disposal 
of the spent matenal except m smaller under 
takmga m agricultural districts 

Apart from the<e objections, this method in 
volves the complete removal of carbon dioxide 
whether this is advisable or not 

It has long been known thst by re-heatmg 
the gas freed from hydrogen sulphide to 300-350® 
the carbon dnulphide is largely converted into 
hydrogen sulphide, which may then be removed 
by osde of iron purification, but practical diffi 
culties m large sc^e working prevented its 
adoption (For a full account of these methods, 
tee Carpenter, J Gas Lighting, 1914, 126, 92S ) 
The first successful plant of any magmtude for 
carrying out the method was that of Hall and 
Papst at the Oregon Works, U8.A, where a 
plant was erected dealing with 4,000,000 cu ft 
of eas per day, and effected an average reduc* 
! tioQ of the sulphur from 58 to 17 grams per 100 
cu ft 

Removal and Recovebt of Ctanooen Com 
FOUNDS — It has long been known that crude 
coal gas contains hydrogen cyamde and probably 
other cyanogen compounds The total amount 
vanes considerably at different works, but under 
the conditions of modem practice the amount 
of hydrogen cyamde in the gas leaving the retorts 
averages about 120-130 grams per 100 cu ft. 
About one quarter of this is removed in the 
virgin liquor durmg condensation, partly as 
ammonium cyanide, but chiefly as ammomum 
thiocyanate, mto which the cyanide aLo passes 
on storage Smaller amounts are sii^ilarly al^ 
sorbed m the washers and scrubbers but, with 
high retort temperatures, 90-100 grains per 100 
cu ft (equivalent to 4-4 5 lb of sodium ferro- 
cyamde, Na^FeCy, lOHjO, per ton of coal) 
usuallv remain m the gas entering the purifiers 
This IS absorbed by the oxide m the purifiers 
with formation of a number of compounds as 
the result of somewhat comphcated reactions 
The cyanogen compounds m the spent oxide 
occur normally as ferrous ferrocyamde, ferrous 
ammomum ferrocyamde, ferrous ammomnm 
carbonyl ferrocyamde, ferropentacyarude, and 
also as thiocyanates of ammomum iron, and 
calaum The ferrocyamdes are classified to- 
gether as Prussian Blue and varv m amount from 
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1% to 9% in a spent oxide containing 50% of 
stilphur. The thiocyanates may present 
in amounts n-hich vary, in cenerah from nil 
to 7%. 

It is a fortxmate fact that conditions In the 
purifier yhich favour the satisfactory removal 
of hydrogen sulphide also favour the removal 
of hx'drogen cyanide. It should be noted, how- 
ever, that hydrogen cyanide is absorbed and 
fixed only by ferrous o.xide or iron sulphides. 
In other words it is not absorbed b%' fresh or 
fully revivified oxide. The maintenance of satis- 
factory conditions in the purifiers has been fully 
discussed bv R. H. Clavton, H. E. Williams and 
H. B. Averf (Gas J., 1931, 196, 311), particnlarly 
with regard to moisture, oxj-gen and ammom'a 
control. The formation of large amounts of 
ammonium salts gives rise to undesirable con- 
ditions and should be avoided. It is important 
in this respect that the sulphided layer should 
be deep, thereby favouring the formation of 
Bine and not thiocyanate. Excessive quantities 
of ammonia in the gas are to be guarded against 
for the same reason. 

Hydrogen cyanide can be completely ab- 
sorb^ by lime purification. 

Otheb Pc^mcATiox Peocesses. — As already 
mentioned, a portion of the hydrogen sulphide 
is removed with the ammonia, being absorbed 
by the aqueous ammoniacal solution with forma- 
tion of ammonium sulphides, but the amount of 
ammonia present is much below that required 
for complete removal. Many attempts have 
been made to modify the scrubbing process in 
such a way as to effect simultaneous removal of 
sulphur impurities and, in some cases, of the 
carbon dioxide as well. Hi ll s (B.P. 1369, 1S6S ; 
934, 1874 ; 1895, 1875) based a process on the 
fact that when ammonia liquor is heated to 
about 90' it gives off large quantities of hydro- 
gen sulphide and carbon dioxide, but only very 
small quantities of ammonia, the residual h'quor 
then containing large amounts of free ammonia, 
available for washms farther quantities of gas. 
Claus (B.P. 2833 and 2865, ISSl; 4644, 1882; 
5959, 1883) combined Hill's process with the 
continuous distillation of a large amount of the 
htjuor, the ammonia being returned to the gas, 
so that the amoimt of ammonia in the gas in the 
scrubbers was four or five times that normally 
present. By washing, in addition, with a solu- 
tion of ammonium polysnlphide, the amounts 
of hydrogen cyanide and carbon disulphide were 
largelv reduced. The hydrogen sulphide was 
converted to sulphur and recovered. Consider- 
able losses of ammonia, and other difficulties 
operated agmnst the success of the process. 

Attempts along these lines continue, and while 
some of the processes evolved have been con- 
sidered sufficiently satisfactory to justify- large- 
scale operation, there is, as yet, no evidence that 
conventional methods embodying separate re- 
moval of the sulphur compounds have been 
seriously challenged. It is not possible to 
enumerate all the methods propose, but one 
or two examples may be given. The Eostin 
process consists in mixing the gas in a washer 
with ammonia liqnor which has been passed over 
copper oxide. The resulting copper sulphide 
is &eTed off and the copper recover^ as 


oxide. The liqnor, after use, is returned to the 
vessel containing the granular oxide, where it is 
recharged and becomes ready for use again. 
The gas, thus freed from hydrogen sulphide, is 
then passed at 150" through a tower charged 
with a special ore for the removal of organic 
sulphur compounds. An experimental plant 
embodying this process is described by A. Thau 
(Gluckauf, 1935, 75, 541). A process installed 
at BUlrngham is described by F. F. Sim'th and 
O. R. Pryde (Chem. and Ind. 1934, 657). This 
depends on the reduction and oxidation of 
ammonium ferrocj-am'de and utifises the am- 
monia in the gas as the alkali in the scrubbing 
solution. Simultaneous removal of the hydro- 
gen sulphide, the hydrogen cyanide and about 
60% of the ammonia t^es place. Apparently 
most of the ammonia is lost into the atmo- 
sphere; 80% of the sulphur is tecovered. 

Various methods have been proposed for the 
recovery of the ammom'a directly as sulphate, 
by utilising the hydrogen sulphide as a source 
of the sulphuric acid. Such methods include 
those of Burkheiser (B.P. 20920, 21763, 1903; 
17359, 1910; 16172, 1912) and of Feld (B.P. 
3061, 1909; 5333, 1911; 157, 10147, 1912; 
Z. angew Chem. 1912, 25, 705). H. Baar 
(Brennstoff-Chem. 1937, 18, 243) has described a 
process for the simultaneous removal of ammom'a 
and hydrogen sulphide by which the crude gas, 
after the addition of air, is oxidised catalytieaUy 
at 3-50-450’ and the sulphur dioxide extracted 
by the ammom'a in the gas. The sulphite formed 
is 'oxidised to sulphate. Xnmerous other pro- 
cesses along these lines are described in the 
literature. 

Gas Deyixc. — ^Water present in the gas enter- ■ 
ing a distribution system is responsible for cor- 
rosion with its subsequent e.xpense in the upkeep 
of mains, pipes, meters and appliances. Accu- 
mulation of water will lead also to blockages. 

It is with the object of overcoming these and 
other drawbacks that attention has been directed 
to the dehydration of gas, a subject which 
is rapidly assuming importance in the gas 
industry. 

Water vapour may be removed from the gas 
by several means, viz. : by compression, by 
refriseration, by the use of solid adsorbents or 
of hvgroscopic substances, either solid or liquid, 
and'processes for the dehydration of gas based 
on these have been evolved. 

Most of the methods actually in operation are 
based on the use of a hygroscopic solution, the 
most commonly used being calcium chloride. 

A typical gas dehydration plant consists of a 
tower scrubber with wood filling, down which is 
gpi-gved, counter-current, a 40^o solution of 
c^cimn chloride. The solution, in passing to 
the tower, is cooled while a portion of the 
weakened solution, returning to the stock tank, 
tq over an evaporator. 

The position of the gas drying plant on the 
works is immediately before or immediately 
after the holder. 

When naphthalene is deposited by cooling 
either wet or dry gas, the concentration retained 
bv the gas at a given temperature is independent 
of the humidity of the gas. Whilst it may be 
deduced that dehydrate gas will more easily 
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cause the evaporation of an old naphthalene tion Any gas drying process should he installed 
deposit than will wet gas, it does not follow that at the outlet of the gas holders The rate of 
on reaching a zone of lower temperature the reaction in coal gas between nitnc oxide, oxygen 
dehydrated gas will be less liable to deposit and diolefins is pnmanly dependent upon the 
sohd naphthalene concentration of the diolefins and the reaction 

Gum Formatios is Gas — It has been a is often preceded by an induction period depen 
matter of general experience that there has dent on concentration and temperature The 
been a marked decrease during recent years in distribution of a mixture of stored and unstored 
the number of stoppages of service pipes and gas is objectionable because the reacting gas 
upphances, due to naphthalene, water and mat from the storage system may start a reaction 
Within the past few years, however, deposits of in the unstored gas which u ould otherwise be 
gummy material have been observed m apph inhibited by contact with the surfaces of the 
ances in certain areas The complaints to which pipes 

these gum deposits have given nse are less Hydsooek Sulfiiide Contamination Dcb 
numerous than those formerly resulting from ino Stobaoe — The phenomenon of hydrogen 
naphthalene, but where they occur the matter sulphide generation m gas holder water was first 
becomes an urgent one since it is found that the descnbed by Ymonet (J de 1 £clairage au Gaz, 
gum IS most hkely to create a nuisance m some 1698, J Gas Lighting, 1898, 73, 77, 1899,74, 
of the most modem type of appliances Pilot 370) In 1904 Tapley showed tluit bacterial 
lights, fine adjustment valves and governors are reduction could bnng about the formation of 
the most sensitive umts hydrogen sulphide from sulphates under con 

The gum deposited from town a gas m this ditions similar to those m holder ta^s The 
country diFeils from the so called liquid ph<ue trouble appears to have become more frequent 
qum derived from rich carhuretted water gas in recent years, and Evans (Gas World, 1932, 97, 
It is characterised by a higher nitrogen content 431) has pomted out that prior to the general 
and is formed hy the interaction of small adoption of naphthalene removal, sohd naphtha 
quantities of rutno oxide, oxygen and un leno and associated heavy oils collected in holder 
saturated hydrocarbons, such as butadiene and tanks and saturated the water which was thereby 
cyelopentadiene (e/ H HoUings, Inst Gas Eng rendered bactericidal 

1936, Comm 147] Allcoalgasasmanufaeturra Donng tbe autumn, atmospheric temperature 
under normal conditions m any type of retort, changes can give nse to convection currents in 
and all eaibuietted water gas, coutam more than the holder water, with the result that if bacterial 
sufficient unsaturated hydrocarbons to react action has been taking place m the water at the 
with all the tutnc oxide present When the bottom this foul water nses to the surface 
benzole has been removed from the gas by active Dlany holders at this penod begin to give off 
carbon, the diolefina may be removed to such excessive quantities of hydrogen sulphiue, and 
an extent that reaction m the stnpped gas is unless tests have been msdem preceding months 
sluggish or suspended In such cases the ad there will be bttle or no warning of the approach 
mixture of unstnpped water gas is desirable to of quite high concentrations The rapid reduo 
hasten gum precipitation The normal type of tion of sulphates is not confined to the holders, 
oil washing process for benzole usually leaves but is found m an exceptional degree m holders 
sulScient dimefina in the gas for subsequent recently filled with pure town s or well water 
reaction to proceed normally The concentre The use of water with a low sulphate content is 
tion of mtno oxide in the gas is the important an obvious precaution When the gas is bemg 
factor which determines whether or not gum contaminate to an excessive degree it la 
/ormation is to be antirapated. Any cfinrenixa nereaaaiy to ccamder steps for the jemovaJ of 
tion of nitric oxide in excess of 0 05 part per the hydrogen sulphide from the water, oxidation 
milhonofgasby volume may give rise to trouble by means of aeration bas proved efficient, but is 
^lost of the nitnc oxide in coal gas is due to liable to be objectionable, and the use of a 
waste combustion gases drawn into the retorts regulated amount of hydrogen peroxide is to be 
from the beating fiues, or to air drawn in at the preferred Details of these and other methods 
retort mouthpieces and burnt inside the retorts are given in a combined report on the subject 
Little mtric oxide is removed dunng the to the Institution of Gas Engineers by the Gas 
ammoma recovery process, but the oxide of iron Light end Coke Company and the South Bfetro 
purifiers normally absorb about 60% of it pohtan Gas Company (Gas J 1935,212,505) 
The gas leaving the purifiers contains mtno Yielo ox Gas and By Pb^dccts — The 
oxide but no gum Host of the gum is formed volume of gas obtained vanes according to the 
in the gasholders, although any mtno oxide m quality of the coal carbonised and to the con 
the gas leaving the works may react later to ditions of carbonisation The volume produced 
form gum dunng distnbution Gas holders, per t6n of coal, without steaming the retorts, 
therefore have two functions in addition to measured moist at 60°F and 30 m bar , usually 
storage falls within the limits of 9 000 and 14,000 cu ft 

(1) To allow time for any nitric oxide in the From the same coal the higher the yield of gas 

gas to react, and the lover is the calorific value •• 

(2) To allow time for the gum formed to settle The chief constituents of punfied coal gas 
Gum particles settle at a greatly increased rate obtained by the simple carbonisation of coal 
if there is simultaneous condensation of mois ar« Hydrogen, Methane, Carbon Monoxide, 
ture, and it maj even be necessary to add steam Benzene, Fthylene, Nitrogen, Oxygen and Car 
at the holder inlet in hot weather m order to bon Dioxide Other substances arc present In 

saturation and subsequent condensa small quantity The relative proportions 
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1 Manufacture of Carburefted V/ater 
Gas. 

Tte reasons for the development of the car- 
1 tnrerted vater gss plant as a supplement to coal 
gas plant mav be stated, as foEovs : 
fl) JLTs chief ravr material required is cohe, 
^ vhich is a bv-prcdnct &om the carbonisation 
I plant ; the mannfactnre of a certain proportion 
_ _ _ _ _ (of tvster gas therefore enables the gas'nnder- 

■rj j ^ (J- Insr. I taking to exercise some control over the coke 

S, It^inrrndnces a term ^ market and to prevent the prices of coke beinx 

nvoroc^c-p. ^enrfrmnent v^ne, vhich | tmdnlv depressed- Any fall in the jirice of coke 
4_By ce expressed algebrarxilly as follovs : i increases the net cost of coal-gas mannfactare, 

[ so that the vater-gas plant plays an important 
! part in stabiTfsr-g the price of tovm's gas at a 
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virere Z=the hydrocarbon enrichment valne. ! (2) Becacse ofthe large variations vinchoccttr 

'F=vc'Itime yield cf pnriSed gas per ton cf coal ! in the demand for gas at diferent seasons of the 
or per gaEon of gas oiL H=cal trine valne of the ' year, it is necessary to maintain a relatively 
pnrined gas, and h\=percer:tage of inerts in the i large reserve of plant capacity capable of being 
prrrmed gas. The sfmpncity of appEeatrrn and j bronget into action at short notice. 'Water-gas 
htsss of the hydrccarhon enrichment vahre j plant is particnlarly scntable for meeting tem- 


iven conninons. it 


are cne to tee zzcz 

and csin 
selves. Ine ^ 
steaming dees not in any vay compEcate the 
empl-rnnent of this index to sho— the ernichmn 


poraiy and sndden demands for gas, not only 
_ solely on the yield j because the capital charge involved •vshen it is 
c valne of the hydrocarhons them- f lying idle is less than the capital charge upon 
i prodnetion of bine vater-gas by ' carbonising plant, but also fecanse it can be 

croeght into action at much shorter notice than 
can carbonising plant. 

(3) The labonr required for the manufacture 
of -pater gas is less than that re quire d for the 
nmnnfactnring of coal gas. This is a most im- 
portant consideration in respect of any manu- 
facturing unit, but is especially important in 
respect of a unit ■which may be required to srork 


the abeencs of gns leakage from the retorts, the 
hydrocarbon enrichment value becomes an index 
of cracking conditiors -srithin the retort. 

The yield of coal tar -pith horrrontal retorts 
commonly Sum 9 to 13 gallons per ton 


cf coal, averamng a'bont 10 gaEnns, or some i at irregular inter tals. 


_ ot the ormirai coaL ’Its 
sp.gr. varies ha— about l-IO to 1-2.5. this depend- 
ing large^ upon the temperature of carboni- 
sation. The higher the temperature to -sshich 
the volatile products are exposed, the hmher is 
the average carhon percerrtage and the lo-ser the 
hydregen percentage of the tar, and the greater 
of the so-called “See carbon” 
; latter, airhongh in apspearanre 
amorphota carbon, al-vays contains 
and consists of derivatives of very 
complex hydrocarbons, which are fnfhsibTe and 
insohrbZe in the rermining tar. The yield of tar 
:Som vertical retorts s hmhsr and is incressed 
by steaming, -the tar being thfrrr.er and having a 
EP.gr. of l-OT-l-lS. It contains only 40-a-5% of 
pitch tistezd of its 60-70^o in tar &om hori- 



zom 




;d als-p enhv : 


sH a 


mounts ot 


tree caroon. 

Th-S ammmnacal liquor contains a quantfty 
of ammonis calculated as sulphate, eqnivalsat 
gensraSy to a yield cf &3m 22 to 30 lb. of the 
latter p>£r ten of coaL It is usually higher (up to 
45 Ib-fin continuons vemiffil-retorts, and is con- 


i One of the disabiirties of the m.annfactare of 
■water gas is that fe calorif c value is considerably 
less than that of coal gas and less than is generally 
considered desirable in a gas to be distrib-uted 
for general use. Therefore, unless it is to be 
used in small proportions only, it is necessaiy 
to enrich it by means of oil fiom foreign sources 
i ot supply. 

It -win be appreciated that, since it is necessary 
that the mixtnre of coal gas and -ssater gas 
sho-uld have a constant calorific -value, it is 
necessary to use varying (quantities of oil to 
produce -varying quanferes of carhuretted -vvater- 
gas if the o-ntp-ut of the plant is to he -varied 
fiorn time to time, as it is in -practice for the 
reasons given above. 

The manufacture of-5vafergasitse!f(cominonly 
known as “ blue ” -water gas. o-wing to fe b-um- 
ing -with a blue non-Iuminous Same) is dealt 
■with in a separate article (sse Gas. WaxKs), and 
■wiE be considered here only so far as it concerns 
the masufsc-ture of the carburetted gas. Fig. 21 
nlcstrates the operation of a carburetted -water- 


(gUS 



The -vield of coke av era ges about 14 cwt. p> 
ton of coaL 'but some of this is used for heating 
the retort sfitrfnx and for other purposes on the 
works, so that the am(Tuut a-vaSable for sale is 


Iloderu practice has added to this a 
eats, -which are descri'bed and 
These refinements do not 

^ jles tmderljing the process, 

■which can be more readily spprecisted &om 
this cingram cf an early plant. The generator. 
A. is filled -with coke, the latter being mnited 
ar the bottom and raised to incandescence by 
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blowing in air from a fan, the amount of air the top of the superheater, which is open during 
being regulated so that the gases coming away this operation These gases pass away at a tem 
from the generator contain sufficient carbon perature of 700® and the total of their potential 
monoxide to burn readJy These pass to tho and sensible heat content accounts for 20% of 
top of the ‘ carburettor,” P, which is filled tho heat contained in the coke consumed during 
with fire brick checker work, a secondary stream the heating (blowing) and gas making periods 
of nir being added to the gas at tho top when the The attachment of u aste heat boilers to water 
carbon monoxide bums and raises tho firo bnck gas plant to recover this heat as steam has now 
checker work to a red heat The gases pass become standard practice 
away from the bottom and enter tho bottom of When the coke in the generator is sufficiently 
the “superheater," G, where they meet with hot, and tho checker uork in tho carburettor 
more air, and the remaimng carbon monoxide and superheater raised to the required tempera 
burns to tho dioxide and raises the checker work tare, all three air valves and the stack valve are 
m the superheater also to a red heat Until closed and steam turned on to the generator, 
recent years the uaste gases were allowed to water gas being produced, which passes to the 
escape into the air from the “ stack valve ’’ on top of tho carburettor At this point oil is 



sprajed into the gas, and passes with the latter amount of carbon dioxide produced becomes 
overthe hot checker work, where itia volatibsed, excessive The steam is then shut off, the oil 
the vapours then undergoing deconiposition. having also been shut off from tho carburettor 
winch IS completed on passing through the super a shoit time previously , tho generator air v ah o 
heater, the oil being thus converted into per is then again opened and also tho secondary air 
manent gas and condensible tar vapours Tbo valves and stack valve, and the coke and checker 
stack valve being now closed the mixed gas work rawed to a suitable temperature as before, 
passes through a seal pot, 11, which prevents gas this period of working being known as tho 
returning up the stand pipe when the stack blow The gas making cycle then recom 
valve 13 open thence through scrubbers filled mences trom time to time steam is passed 
with boardsand tubulamater cooled condensers downwards instead of upwards through the 
to reduce tbo gas to atmosphenctemperatureand generator dunng tho run in order to control the 
condense the tar vapours and excess of steam distnbution of temperature 
from the gas As the formation of water gas Several important advances have been made 
takes place with absorption of heat, the tem in tho method of operation ns exerophfied m the 
peratUT© of coke m the generator steadily falls plant justdescribed and a number of mechanical 
and eventually reaches a point at which the device hav e been introduced The use of the 




i?rE^Le-test bailer, afceadv referred to, makes 
poesC'Ie tbe gmieiEtfozi of steam eonivaleiit to 
IJ— Eb. per lb. of co^ke (Mssnrr ed in tLs genera- 
tor or mom 50 to 90 Ib. ^r 1.00*3 cm ft. of gas 
made. 3be_ steam reouiremsats of carbnretted 
■vrater-gas plant for aE purposes, indtoins pro- 
ces steam, potter for air blotters, gas exbacsters. 
pmnps, etc., arerage SO-lOO Ib. 1,000 cm ft. 

gas. It ttiii be apparent, tbsrefore, tbat the 
application of ttaste-heat boHers resnlts in the 
mstaHatmn becoming practicallv self-simportins' 
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? in the matter of steam snppig. A modem plant 
t is shottn in Fis. 22. 

Other impro-ements have led in the direction 
; of ledtLcing the ardnons labour of removing the 
. resniting dink ered ash, Antomatie mechanical 
■ grstes are nott in nse and are most snccessftil 
. tthen used ttith ttater-jackered steel-ttalled 
. generators. The tipper part of such a generator 
: is a steel shell lined vith reSractorv material as 
i in the older type of generator. The lotter por- 
tion is a steel annular steam-boiler, tthicfa fe 
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csed to prevent the adherence of clinker to the 
sides of the generator. The grate is conical in 
shape and is pierced for the pasage of air, steam 
and gas. It is mormted on a steel drttm v-hich 
is attached to the ash pan. This pan is sup- 
ported and kept in position ly rollers and made 
to revolve sIottIv by means of a motor. In 
relaticn to tbs arnnlar boiler the ash-pan 
revolves concencdcany tsiile the grates rotate 
eccentrfcaliy, the enect beinn to crash the dinker 


rshimr -olat 


The broken 


td ashes fah to the bottom of the pan and are 


metrically opposite preventing the ash fixjtn 
consolidating on the bottom of the ash pan. 

The time ordinarily occnpled in clinkering is 
prodtably employed" in gas makin g . It is 
claimed that a boiler generator and rotary grate 
a lO^o increase in output over and above 
that obtained from a £ied-grate generator. 

Automatic operators are no~ used to operate 
aE the trorking valves of carbnretted -Bater-gas 
plant in safe and proper seqcence at any desired 
fcitervals. Should any of the valves fail to 
operate or tend to operate in incorrect sequence, 
a safety device retcms them aE to the shtrt 
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position, opens the stack, stops the auto | 
operator and gires audible ■warning 
The Back Run Process — The back run itself 1 
IS simply a “ down run " during which steam is | 
admitted at the top of the superheater, passes 
downwards through the “ superheater,” upward 
through the carburettor and into the top of the ' 
generator The blue gas made during the back 
run IS taken away through the cooling grate 
The following are details of a complete water 
gas cycle, using the back run process, and indi 
eating the modem practice of using a rather 
short cycle 

Kun Min Sec 

Up run 1 30 

Back run 1 0 

Purge (up) 0 10 


Total r 
Blow 


Complete cycle 


40 


30 


Oil 13 admitted during the up run only It 
should he realised that with the use of the 
back run less heat is available for recovery in 
waste heat boilers 

The introduction of waste heat boilers, rotary 
self cleanmg grates, the back run process and 
automatic operation have resulted in consider 
ably lowenng working costs with greatly m 
creased outputs per unit The etnaeacy of 
water gas manufacture itself ta not so high as 
that of the carbomsation of coal Without oil 
enrichment or waste heat recovery the thermal 
efficiency is 46-50% The addition of waste 
heat boilers raises this to 60% and the high 
efficiency of oil cracking gives an efficiency of 7(^ 
for carburetted water gas manufacture under 
modern conditions 

The oil employed is mostly that fraction of 
petroleum lying between the burning oils 
(kerosene) and the lubricating oils, and is 
referred to as “ gas oil ” The amount of oil 
used depends upon the reqmred calorific value 
of the carburetted water gas Each gallon used 
per 1,000 cu ft raises the calonfic value by very 
approximately 100 B Th U The practice of 
pre heating the gas oil is less xn favour now than 
formerly, since it gives nse to a number of 
practical difficulties Recent American practice 
includes the use of butane for ennehment (c/ 
W K Beard, Proc Amer Gas Assoc 1935,753) 
Investigation has shown the importance of a 
knowledge of the oil cracking process, notably 
in relation to the nature of the gas oil, the tern 
perature of cracking and the rate at which the 
oil vapours pass through the cracking zone 
Laboratory and full scale work on the subject 
IS desenb^ m detail by R ll Gnffith (” The 
Manufacture of Gas Water Gas," Benn, 1934) 
As the gas production is intermittent, i. 
balancing reservoir is required for the gas if this 
IS to be passed through the purifiers at a uniform 
rate For this purpose a rchef gas bolder is 
placed at the condenser outlet into which the 
gas pawes intermittently as made, and is drawn 
from It continuously by an exhauster and forced 
forward to the purifiers The gas is purified 
from tar fog and hydrogen sulphide by the same 


methods as adopted with coal gas Usually 
separate purifiers are employed for this gas, the 
pacified streams of qoal gas and carburetted 
water gas mixing together at the outlet of their 
respective meters before reaching the holders 

The only by product obtained other than spent 
oxide from the purifiers is the oil tar, no am 
monia being produced in the process The oil 
tar is a comparatively thin oil of sp gr 1 9-1 05, 
consisting mainly of aromatic hydrocarbons It 
contains only about 30-35% of pitch and 
scarcely any “ free carbon,” the sohd matter 
found in it consisting chiefiy of fine coke ash 
earned over from the generator with the stream 
of water gas 

The amount of coke employed in the manu 
facture, mcluding that used for raising steam, has 
fallen steadily with technical development 
The figure for all authonsed undertakings m this 
country was 44 6 lb per 1,000 cu ft of gas made 
m 1936, as compared with 55 9 lb per 1,000 cu 
ft in 192! 

The following is an analj sis of a typical car 
buretted water gas having a calonfic value of 
450 B Th U per cu ft 


CO, 


69 

04 


CnHm 

70 

CO 

32 2 

ck, 

37 8 
91 

C.H, 

22 


64 


100 0 


As explained already gases of higher or lower 
calonfic value may be produced by using more 
or less oil, the gases then contain a greater or 
less percentage of hydrocarbons 
Co»m.ctE GASSinCATtOK — Many attempts 
have been made from time to time to devise 
apparatus for the complete gasification of raw 
coal in a single stage, » e to give vanous mix 
tures of coal gas water gas and producer gas, 
leaving a residue of clinker The use of coal in 
the water gas generator forms the basis of a 
number of these processes No process has yet 
proved to be generally acceptable to the gas 
indosti7, although there is considerable interest 
m invesftgations which are in progress in vanous 
quattera It aho'uld perhaps be pointed out that 
the adoption of any of these processes on a large 
scale would have a profound effect upon the 
relationship of the industry to the coke market 
In connection with some of the processes con 
eideration might have to be given to the high 
carbon monoxide content of the gas and to a 
decrease in the calonfic value of the gas supplied 
The latter consideration raises senous economic 
questions relative to the capacity of storage and 
distnbution systems Such processes are attrac 
tive, however, because they open up a possibihty 
of a much more general substitution of gaseous 
for solid fuel in domestic life It is not possible 
to describe the various processes m detail here, 
but reference may be made to the Doppel Gas 
plant of Strache (J fur Gasbel , 1920, 230, 

399) and the Pier process of Jlurdock, Evans 
and Lungren (Amcr Gas Assoc 1925) H J 
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of water (Fig 24) In order to reduce the neces roonding it is of all steel construction In bell 
eary depth of the tank the bell la usually con holders of the spiral guided type, which are alw 
stnicted in a number of lifts which sbde mto Tcty common a guide frammg is dispensed with 
each other m a manner somewhat similar to the uid inclined rails attached to the sides of the 
sections of a telescope The guide frammg but lifta cause them to rise after the manner of a 



Detail of Spiral Guide Carnages 


Fio 24 — Sectiov THRoiron Gas noLDEn and Tank 


screw thread and lock them in a rigid structure succeedmg lift Thus a four hft holder might 
when inflated All telescopic holders throw a give 3 in pressure when completely uncupped 
varying pressure according to the degree of in and 0 in when full 

flation A considerable number of holders recently 

honnal figures would be 3 m water gauge for construct^ have been of the waterless type 
♦ inner bell plus 2 m water gauge for each I\ithin a circular or polygonal vertical cylinder 
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of fixed dimensions a horizontal piston rises and 
falls, being at the base when the holder is empty 
and at the top when it is full 
The piston is sealed around its edge against 
gas leakage 

(o) By a tar seal kept filled by an automatic 
pump 

{b) By a flexible packing ring of rubber cotton 
fabnc lightly greased or 
(c) By a hollow leather nng filled with oil 
xmder shght pressure which exudes 
through the leather and provides lubri 
cation 

Examples of the first and second types are to 
be found m vanous countries of the world, and 
Fig 25 gives a section of type (o) the most 
generally adopted Larger capacities can be 
provided by waterless holders, which are built to 
hold up to 20 million cu ft These holders 
have the following advantages 

(0) The preaaiiie thrown, which by weighting 

the piston can be up to 15 in w g , is 
practically uniform whatever the state 
of inflation 

(1) The gas is stored out of contact with water 

(c) The absence of the water tank reduces con 

siderably the weight on the foundations 

(d) AU parts needing adjustment can be 

attended to whibt the holder is in use 
In order to control the pressure of the gas in 
the mams m the district of supply, a governor 
» fixed between the holder and the trui^ mams, 
whereby the pressure in the distribution mams is 
reduced to that most suitable Fig 26 gives a 
section of a governor The gas entering in ^he 
direction shown by the arrows, must, iq order to 
reach the outlet, pass through a device consistmg 
of a hollow vertical cylinder closed at the top 
and having a number of slots cut m the vertical 
side, the width of which increase towards the top 
of the cylinder The top of this cylinder is con 
nected by a rod to the bell above, and is capable 
of moving freely up and down with this belJ 
Tvbi/dii’Asa.ihei’zmvaVti 

to run into the annular chamber in the beU, the 
latter increases in weight, and with the atta^ed 
cylmdncal device sinks, increasing the size of 
the openings through which the gas can pass, 
and by adjustment of the amount of water the , 
desired pressure at the outlet can be obtamed 
If, then, owing to increased consumption, the 
pressure of the gas in the outlet mam faDs, this 
lessened pressure is transmitted to the bell 
which, under the atmospheric pressure, falls, 
mcreasmg the size of the gas openings, allowing 
more gas to pass and restonng the pressure in the 
outlet mam If the consumption decreases and 
.. increases the bell nscs and reduces the 
the size of the gas openings, and in this manner 
the pressure once set remains constant When 
it 18 desired to alter the pressure m the outlet 
mam to allow for penods of higher or lower con 
sumption m the district, water is either added 
to or run off from the annular chamber in the bell 
Modem gas distribution aims at pronding a 
constant pressure at the consumer s meter of 
4 in w g , irrespective of load conditions This 
IS obtained by increasing the number of feeding 


points mto the ordinary or low pressure mams 
At each point gas is passed through a station 
governor either from gas holders at the works, or 
located m an outlymg suburb or direct from 
high pressure arterial mams fed by pumps from 
the works These arterial mams will be of 12- 
48 in diameter for distances under 20 miles, *and 
be fed at imtial pressures of 2-6 lb per sq m 
For longer distances and for scattered areas, 
mams from 2 to 12 in diameter would be used, 

, and with imtial pressures of 20-60 Ib per sq m 



For pressures up to 15 Ib per sq in cast iron 
gas mams are usually employed, but for higher 
pressures steel mams wrapp^ to prevent cor 
rosion and with welded jomts are commonly 
used 

BecordpvO GiS Caloeimetsy — ^The Gas 
Regulation Act, 1920, contained the provision 
that the apparatus presenbed for the official 
testing of gas supplied by undertatmga having 
an annual output of more than 100 miUion cu ft 
should include a recording calorimeter By the 
Gas Undertakings Act, 1934, it is decreed that 
from January 1, J039, tbe presenbed apparatus 
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=72211, in the case of anv thermal tmit nnder- 
takeis Trho have sold in the preceding rear more 
than 5 million therms in the form of gas, and in 
the case of any other thermal tmit undertakers, 
if it appears to the Board of Trade to be neces- 
sary , include a calorimeter for the production of a 
c-ontinnons record of the caloriSc value of the 
gas vrhich is heing supplied- Three instruments 
are prescribed for the lajger undertakings. Each 
is of the flotv type in -which the heat developed 
by the combustion of a c-ontinuons supply of the 
gas to be tested is imparted to a conthiuous Sow 
of beat-absorbing medium, the rise of tempera- 
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ture of which is continuously recotded upon a 
suitahly calibrated chart. Meai 2 s are included 
in the instrument for maintaining constant flo-ws 
of gas and heat-absorbing medium, and the rise 
of temperature as record^ is proportional to the 
c-alorific value of the gas. The recorded calorific 
value is reduced to terms of a standard tempera- 
ture and pressure by an appropriate design of the 
instrument. 

In the Boys recording calorimeter (Fis. 27) the 
rate of gas bnmt is maintained constant bv 
means of a gas meter operated by a pendnlnm- 
c-ontroDed -water-wheel, and is itself corrected 



for the vaiying temperature and pressure of the 
gas hy the action of an expanding volume of air 
which operates a ball and plate gear-changing 
system. * Water to the calorimeter is psriodiaJIy 
■weighed out by means of a tipping-bucket device, 
antf its rise of temperature is, by a system of 
alcohol thermometers, transferr^ to a chart, 
the rulings on -which are printed by the instru- 
ment itself. The heated -water from the calori- 
meter passes throiigh a cooler, over which air is 
blown by a fan attached to a hot-air engme, the 
latter also operating a pump which raises the 
water again to an overhead shallow tank. 

In the Fairweather recording calorimeter gas 


is measured out by means of a meter connected 
to an escapement, and is burnt -within a heat 
interchanner in constrcctiDn very simila r to that 
of the Bopw non-recording calorimeter. To this 
a fiow of water is supplied from an orifice acting 
under a head which, by the operation of an ex- 
panding volume of air, is made to vary in such a 
manner that the -water fiow is directly propor- 
tional to the factor necessara’ to reduce the gas 
volume to standard conditions of temperature 
5 and pressure. The rise of temperature of tne 
water passinr: through the calorrmcter is trans. 
ferred to a suitably (mlibmtcd chart by means of 
a svstem of electrical resistance thermometers. 
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In the Thomas recording calorimeter an electnc 
motor drives three meters contained in a tank I 
one supplying gas to the heat mteichangcr ' 
another supplying air for combustion while the 
third Bupphes a volume of air to which is un j 
parted the heat developed m the heat inter I 
changer The rise of temperature of this heat 
absorbing air is continuously recorded on a 
suitably cahbrated chart by a system of difieren I 
tial recording resistance thermometers In this I 
instrument correction for the varying tempera 
ture and pressure of the gas is not required but 
shght changes in the specific heat of the heat 
absorbing air are corrected for by eelectmg for 
the resistance thermometers wire having appro 
pnate characteristics 

In another type of recording calorimeter of 
which the Sigma Beasley and Calorgrapb are 
typical a measured volume of gas is burnt; 
within a chimney from which free radiation is I 
permitted and into which a volume of air is | 
drawn by natural dra ght The rise of tern 


I perature of this air is made to operate a recording 
I mechanism These instruments record the net 
I caloiific value of the gas but ate usually set to 
I read the gross value 

I The Sigma and the Simmance Calorgraph 
'type R instruments have been prescribed by 
I tie Gas Referees for the smaller undertakings 
I for use m conjunction with a non recording 
I ealoruneter in order to give the average calorific 
value for three months (see C G Hyde and 
I F E Mills Gas Calorimetry Ernest Benn 
1 1932) 

I Gas Quality — All gas supphedforpubbouse 
.must by law he free from hydrogen sulphide 
' Accordmg to the Gas Works Clauses Act the gas 
when passed for 3 minutes over bibulous paper 
previously moistened with lead acetate and dried 
I m air free from hydrogen sulphide shall not 
I darken the paper The rate of gas passage is 
' fixed at 6 cu ft per hour (General Notification 
of Gas Referees) Since the formation of a 
1 brown stain of lead sulphide in this manner is an 



FiQ 28 — ^Total Solfhuu Test 


exceedmgly dehcate teat for hydrogen sulphide ; 
this means that for all practical purposes I 
the gas passing the test is free from that im I 
purity 

A method for the estimation of the total snl 
phur present m purified gas is illustrated in i 
Fig 28 The gas is burned in a small Bunsen | 
bumerat therateof 0 5-0 7 cu ft perhonruntil 
about 10 cu ft have passed the fiame being 
surrounded by lumps of commercial ammonium 
carbonate The products of combustion to i 
gether with ammoma pass by means of the 
trumpet tube into the glass cyhnders providecl 
with a tubolus at the bottom for connecting i 
uith the trumpet tube The upper portion of I 
the cybnder is filled with glass marbles and from 
the top a wide bent glass tube is led which acts 
as a chimney and final condenser A small tube i 
from the cylinder drawn out to a jet conveys the I 
condensed produeU to a flask or beaker placed 
In a shelf wlow The sulphur d oxide resulting . 
from the combustion of the sulphur compounds I 


I reacts m the presence of the moisture the excess 
! of oxygen and the ammonia to give a solution of 
ammonium sulphate The Bulphnr determina 
lion IS then earned out by washing out the 
apparatus with water and estimating as barium 
sdpbate in the usual way the amount bemg 
calculated as grains of sulphur per 100 cu ft 
In view of the risks of sLghtly low results due 
to incomplete oxidation of the sulphurous acid 
primanly formed a previous treatment of the 
solution with brom ne is advisable This 
method for the determination of total sulphur 
was formerly presenbed by the Metropolitan Gas 
Referees (Notification of the Gas Referees 1918 
7) Other methods employed include aspiration 
of the products of combustion through sodium 
hypobromite eolution followed by estimat on 
as banum aulpbate or through neutral hydrogen 
peroxide the Bulphuno acid produced bemg 
determined by titration with standard alkali 
The major constituents of coal gas namely 
hydrogen carbon monoxide methane ethane un 
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Eahirated hydrocarbons {symbolised as CnHm), 
carbon, dioxide, oxygen and 'nitrogen are 
no rmal l y estimated by measnring the chanse in 
Toinme or pressure foIIo'K-mg the removal of one 
constitnent by some specific reagent. The 
carbon dioxide is removed vritb canstic potash 
solution; rmsatorated hydrocarbons with 
bromine water, ftuning snlpbnrio add or an 
activated snlpbnric add; and oxygen with a 
solntion of alfcaKne pyrogallol or chromons 
chloride. Hydrogen is nsnally removed by 
oxidation with copper oxide at 270% while 
carbon monoxide can be either similatly oxidised 
or removed with solntions of acid or ammoniacal 
cnprons chloride, ilethane and ethane are 
oxidised by passage over hot copper oxide or 
mixtores of copper oxide with other metallic 
oxides, or alternatively, are bnrnt with excess 
oxygen. Xitrogen is estimated fay difi'erenee. 
The apparatus in general use for canying ont a 
complete gas analysis on the lines indicated above 
is that devised by Bone and Wheeler (VoLTL, 
p. 676) (ef. Hyde and ilills, op. cit., p. 328). 

Th e minor constituents of coal gas can be 
estimated either by a process of bquid finc- 
tionation (cf. W_ J. Gooderbam, J.S.CJ. 1937, 
56, 31T.) or by means of special tests. The 
various constituents in the percentage retained 
as “ nnsatnrated ” hydrocarbons include propy- 
lene and other higher olefins, diolefins, acetylene 
and aromatic hydrocarbons. Specific tests for 
individual constitnents include colorimetric tests 
for the estimation of hydrogen sulphide, nitric 
oxide and metallic carbonyls, tests involving 
titrations with standard solntions for consti- 
tuents snch as ammonia, naphthalene, carbon 
disulphide, sulphur and hydrogen cyanide, and 
tests such as the eiyoscopic estimation of benzole 
and precipitation of gum. 

CoiiBirsxros' CEiEicrEBisxECS. — Until re- 
cently the gas manufactorer has been concerned 
p rimari ly with the production and distribution 
of gas of good quality. The increasing scientific 
design and pr^uction of appliances has now 
stressed the importance of a knowledge of the 
combustion characteristics. One important cha- 
racteristic — calorific value — is already the sub- 
ject of control, hut performance is also aSected 
ly specific gravity and composition. The 
specific gravity of town’s gas mixtures is in the 
mam dependent upon the following factors : 

(1) The percentage admixtnre with coal gas of 

carburetted water-gas, blue' water-gas, 
producer gas or waste gas ; 

(2) The quantity of oil used for carburetting ; 

(3) The quantity of benzole extracted; and 

(4) The inert content of the gas. 

So far as calorific value and the specific 
gravity are concerned, the properties of any 
mixture of gases can be arithmetically calculated 
from a knowledge of the various constituents. 
This is not the case, however, with regard to the 
huming properties of a gas mixture, which are 
’ dependent upon the relationships ‘between the 
flame velocity of the gas, the air-gas ratio and 
the velocity of the air-gas mixture. The appli- 
ance designer, having settled the ratio of primary 
and secondary air to secnre proper combnstion 
at normal and overload ratings having regard to 
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the nature of the gas, is then faced with seeming 
a defined shape and size of flame. In practice 
the height of the mner cone, which is a measure 
of flame propagation, is found to be the con- 
troHing fector. If this is or becomes too long, 
^ving a soft flame, combustion may be impaired, 
unwanted flame contacts may occur and eS- 
ciency be lowered. Alternatively, too short a 
cone, giving a hard flame, wifi lead to noisv 
operation, rfrk of flashing back or blowing out 
and irregnlar control. Efforts have been made 
in this country and in Germany, the United 
States and Switzerland, to devise means of assess- 
ing these combustion characteristics. The first 
attempt at a practical .solution appears to have 
been made by Hofsass in 1919 (J. Gashelencht. 
1919, 62, 541), who employed a Bunsen burner 
with a fixed air inlet and deduced a “ nominal 
flame velocity ” from the height of the inner 
cone, which would serve to indicate the tendenev 
of a gas to flash back or smother. In 1925, Ott, 
of Switzerland, introduced a burner in which 
the air port was calibrated so that the d^ree of 
opening reqiiired to produce popping back for 
any gas could be recorded on an arbitrary scale 
{cf. Schweiz. Ver. Gas-Wasserfkch. 3Ionats-BaIL 
1931, 137). This “ Ott Isumber ” is used as is 
the “ nominal flame velocity ” of Hofsass — to 
assess the combined efiect of all the factors 
making for a hard or soft flame. Hore recently 
Czako and Schaafc (Gas-n. Wasserfach, 1934, 
T7, 5S7) designed the “ Prufbreimer,” in which 
the methods of Hofeass and Oft are combined. 
A calibrated air port is adjusted to give a fixed 
height of inner cone and elaborate arrangements 
for reproducing the adjustments are made. In 
this country a simplified burner, based on the 
same principles as the “ Prufbreimer," called 
the “ Aeration Test Burner,” has recently been 
produced. 

From the foregoing it will he evident that it 
should he a matter of concern to every gas under- 
t akfng that the gas manufactured will at all 
times meet those reasonable requirements which 
mav be generally demanded as the resnit of 
progress in gas utilisation techniejne. At the 
same time the desirability of avoiding develop- 
ments in appliances along lines which impose un- 
due limitatioa of gas properties must receive 
consideration. 

A practical example of the application of tests 
on combustion characteristics is seen in the 
work of P. C. Gardiner, who has conducted in- 
vestigations with gases of varying Ott numbers 
in standard street lamps {cf. C. A. Deas, Gas. J. 
1936, 216, 672). When adjnsted for a gas of 
Ti?gli Ott- value B considerably greater variation 
can be tolerated withont lighting back than when 
the lamp is set for a gas of low value, thus indi- 
catins the desirahifity of keeping the Ott 
number as high as possible. It was found that 
mixtures of coal gas and producer gas have a 
hi^rher Ott value than mixtures of coal gas and 
water-gas of the same calorific value. 

The Joint Eesearch Committee of the Institu- 
tion of Gas Engineeis and Leeds Universiry has 
given a sjmopsis of avaflable information upon 
I cas onality, combnstion characteristics and 
burner performance, designed to show which 
, points may be regarded as definitely established. 
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which require supplementary investigation and 
to what extent gaps m the existing atato of 
knowledge require to he filled (Inst Gas Eng 
1937i Comm No 166) Attention is also drawn 
to the work of C A Masterman and E W B 
Dunmng Trans 1931-32, 142) of H 

Bruckner and H lohr (Gns u Wasserfach, 1936, 
79, 17) and of the US Bureau of Standards 
(1932, Bept No 446) to mention a few of the 
investigations on this subject Valuable work 
on gaseous combustion has also been earned out 
by W A Bone and his co workers and by 
Payman and Wheeler, to whose numerous works 
reference should be made in any study of this 
subject 

Ejiployment or Coal Gas — At the present 
time coal gas is employed for a very great and 
increasmg diversity of purposes During the first 
60-70 years of the existence of the industry it 
was almost entirely employed for illumination by 
burmng it in open flame burners of various kinds 
bor illumination purposes now the tight is 
obtained through the medium of the much more 
efficient incandescent burner, m which the burn 
ing gas raises to incandescence a mantle com 
posed essentially of thona, to which about 1% 
of ceria has been added (v Gas Maktles) 

High pressure installations are largely adopted 
for the outside lighting of public streets, etc 
A large proportion of the gas sold is now used 
for heating purposes for example, beating with 
gas fires and cooking by gas At the same time 
the use of gas has widened and in addition to 
its uses in the private dweUing house it is now 
established os a valuable medium for various 
heating, refrigerating and power purposes m 
restaurants, shops, factories offices, etc The 
adoption by many gas undertakings of a tariff 
system whereby purchases of relatively lar» 
quantities of gas could bo made advantageously 
has aided expansion in these directions 
The many advantages of town s goa as an 
industrial fuel are now recogmsed Steadily in 
creasing quantities are employed for diverse pur 
poses, mcluding gas furnaces for metal melting 
gas fired kilns, annealing etc In general engi 
neermg practice the use of gas for carbunsmgand 
general heat treatment work has been largely 
adopted The value of purified town s gas or 
•coke oven gas for furnace operation in the steel 
mdnstry is discussed by J W Cobb (Cbem and 
Ind 1936, 3G0) 

H H and E Q S 
GAS, LIQUEFIED HYDROCARBON 
(BOTTLE GAS) — In the United States, 
naturally occurnng hydrocarbon gases have 
long been employed as a fuel and lUuminant, 
being distnbute<l from the centre of prodnction 
in the same uay as coal gas The commercial 
production of hquefied petroleum gas, com 
prising mainly propane and butane, is a later 
development and one which dates principally 
from about 1910 Such liquefied gas, once 
merely a by product in the manufacture of 
natural gasobne, has now become an important 
primary product The gas available from 
natural sources is supplemented by that derived 
from petroleum cracking 

I In countnes such os Great Britain Franceand 
^ Germany, where natural sources of hquefiable 


hydrocarbon gas are lacking, the gas is obtained 
aa a by product of petroleum cracking and of 
tho hydrogenation cracking of coal 

The process of winning liquefied hydrocarbon 
gas from natural gas comprises, m the first 
str^e, a process of “ stnppmg ” Ifany methods 
have been devised to accomplish this (e g 
adsorption by activated carbon, refrigeration), 
but that which is now almost exclusively used 
IS one of scrubbing tho gas under pressure with 
gas oil (Vaiden and Fisher, Petroleum Engr 
1939, 10, No 10, 128) The resultant extract is 
separated from iinabsorbed gases and fractionallj 
distilled to give a residue of gas oil which is 
lei^cled, the reqmsite fraction of gasoline 
(“ natural gasolme "), and a cut containing 
butane ana the more volatile hydrocarbons 
This latter fraction contains sulphur com 
pounds , of these, hydrogen sulphide and some 
of the mercaptans are removed by an imtial 
washing with caustic soda solution, while re 
mainiDg mercaptans are rendered innocuous by 
washing with a solution of sodium hjipochlonte 

After the hypochlorite treatment the cut is 
next washed with water, freed from mecham 
cally entrained water and rectified to give two 
fractions, one comprising the butanes and the 
other propane together with more volatile hydro 
carbons This latter cut is refractionated in a 
second column to give substantially pure pro 
pane, the distillate being taken off at a tern 
peratur© sufflcienCly low (o ensure its being 
anhydrous Such dehydration is essential to 
avoid the risk of choking the consumers 
apparatus by ice or sohd hydrates of b}dro 
carbons 

Liquefied gas arises as a by product of the 
hydrogenation cracking of coat and of the 
refining of petroleum , m the latter process it is 
obtained both directly from the crude petroleum 
and as the result of various cracking operations 
The chemistry and technology of these processes 
are complex and will not bo dealt with here , in 
general, the winning of the Cj and hydro 
carbons from the gases comprises (as for the 
natural gas concentrate) one or more stages of 
rectification and chemical purification Gases 
from tho cracking of petroleum contam not only 
saturated hydrocarbons but also a considerable 
proportion of olefins The presence of these 
latter in hquid fuel gaa is of no great moment, 
since their calorific values do not differ greatly 
from those of the corresponding paraffins 

Proptrttea and Un oj Liquefied Hydrocarbon 
Oas — ^Tbe product as marketed m the United 
States usually contains 95% of C3 hydrocarbons, 
C4 hydrocarbons being added only as ennehers 
and in quantities insufficient to raise tho dew 
point of tho mixture to a temperature within the 
limits hkely to bo encountered Small, adventi 
tious amounts of such hjdrocarbons as ethane 
and pentane may bo present Of tho non 
hydrocarbon constituents of the gas, water is 
present only in traces while the content of 
combmed sulphur is kept low to a>oid corrosion 
of equipment, being usuilly of the order of 2-10 
grams per thousand cu ft Traces of a strongly 
smelling substance such as ethyl mercaptan are 
added, to indicate leakni'ca of this otherwise 
odourless gas 
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withasolutionof bmesalts and thenincmerated, nitrates of the rare earths, dned and finally 
it left a skeleton of ash which glowed brightly in bamed over a Bunsen flame, left a comparatively 
the flame of a spirit lamp This and the earner strong frameirork of ovide that emitted a hghl 
expenments showed that if a refractory material, of considerable intensity Welsbach’s first 
such as lime, could be obtained m coherent fila patent, taken out in 1885, mentioned the use of 
ments, a moderately hot flame would raise it to the oxides of lanthanum, yttnum, zircomum and 
bnlhant incandescence magnesium, and a year later a German patent 

An interesting forerunner of the present day protected the use of thorium salts 
mantle was proposed by Cruiekshank in 1839 In the early mantles no great care was taken to 

He constructed a dence of platinum wire suit purify the materials used because the separation 
ably shaped to the flame The wire was coated of the rare earths was difficult, consequently the 
mth a covering of refraetoiy oxides such as hme light emitted varied in colour showing green 
or thona and the cage was heated by means of a to orange tints according to the variations in the 
water gas flame la 1848 QiUard employed composition of the oxide mixtures in the mantle 
small mantles made from fine ptatmum wire The amoimt of hght given by these mantles 
raised to incandescence by the flame of burning rarely exceeded six candles per cubic foot of gas 
hydrogen and some years later a somewhat consumed, and they were so fragile in character 
similar attempt was made by Edison He that they were unable to withstand slight 
patented, in 1878, the coating of platmum wire shocks Thus the first Welsbach mantles were 
with the oxides of zirconium and cenum AH, not a commercial success and showed no great 
these systems failed owing to the high price and advantage over the electric carbon filament 
rapid deterioration of the platinum lamps which were rapidly developing at this 

A mantle of magnesia was developed by Cla time 
mond m 1882 This was made by grinding About 1891 Welsbach was examinmg the hght 
powdered magnesia into a paste with water con given by the oxide thoria when he found that 
taming magnesium acetate When moulded the intensity of illuinmation became Jess and 
into the form of a basket and ignited, the heat less as the thonum salts were made purer Bj 
decomposed the acetate leaving cemented this discovery he was led to make a further im 
particles of marocsium oxide These mantles portant contribution to the science of gas 
gave a good light but were too fragile for com ugbtmg by observing that a filament of pure 
mon use Fmely pondered magnesia was used thona nad a relatively low illummsting value, 
also by Fahnehjeln of Stockholm m 1883 His but a very much greater degree of light emission 
method was to mix the magnesia with a plastic was rendered possible by the addition of small 
material and form eobd rods by extruding the quantities of other rare earth oxides Pursuing 
paste through a die , the prepared rods of re his investigations Welsbach added gradually 
fractory material in the form of a comb were increasing quantities of ceria to pure thona 
suspended over a water gas burner Fab and determined that mere traces of ceria 
nehjeln's combs, as they were called, gave a endowed the ash with the wonderful light 
light equivalent to about four candles per cubic giving property possessed by the modem 
foot of gas consumed and they were used fairly mantle Welsbach announced this result in 
extensively for domestic lighting a patent m 1803 and since that time the 

The introduction by Bunsen of the atmospheric ‘ Welsbach mixture “ containing 99% of thona 
burner, about 1855, greatly assisted the appli and 1% cena has been universally Used in 
cation of towns gas for beating purposes and mantle manufacture Although many thousands 
some thirty years later Auer von Welsba^ of expenments have since been made, this 
made the iscoveries which gave the world the mixture has remained beyond doubt the most 
modem incandescent gas mantle efficient (Fig 1} 

Theearij eighties mirked the commencement Afler the introduction of the Welsbach mix 
of elsbich B scries of discoveries At this time ture progress became rapid although the mantles 
he was engaged in an exammation of the rare themselves left much to be desired Their chief 
earth substances and in the course of bis defect was that during use they were found to 
researches In 1884 he found it necessary to mate decrease rapidly m strength and light giving 
a great number of observations with the spcctro power, besides Bhnnking m length and diameter 
scope Part of his method was to heat, in a The oxides which can be used in mantle making 
Bunsen flame, a platinum wire that bad been arobmitedinnumber owing to the fact that they 
previously dippevl in a solution of the salts to be must be able to withstand the temperature of the 
examined "W elsbadi found that the Lgbt flame for long periods, and the selected oxides 
obtamed m tins way was not sufficiently per must not be Lable to excessive shrinkage during 
manent or intense for bis purpose, and be die the burning away of the original fabric. The 
eoverevl that a cotton thread when dipped m a oxides of alumimum, berylhum, thonum and 
solution of rare earth salts, dried and subsc zirconium are possible substances for the basis of 
qucntly incinerated, left an oxide skeleton which a mantle, but of tlfCse, aluminia and zirconia are 
glowed brightly when heated Sloreovcr, al babic to considerable shnnkage hnd volatibsa 
though the cotton fibre burned awaj, the rare tion.sothat the lifeofthe mantle isshortened by 
earth oxides were left behind m a coherent the gradual wasting away of the threads of the 
thread and did not fall to powder skeleton The oxide of thonum is refractorj 

\\ elsbach perceived the importance of hia dis under the heat of a Bunsen burner for a much 
covery and, after a further senes of expenments, longer time than anj other known oxide and in 
he found that a cotton fabnc when shaped into a the conversion, by ignition, of thonum nitrate 
sleeve and impregnntwl with a solution of the into thona, the matcnal expands to 10 times its 
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of gas mantle*? (Fig 3) Tliefihmenta of modem 
artificial silk made bj the % isco^c process ha%o 9 
solid structure and are unlike tije tubular fibres 
of cotton or ramie This dilTerence m the struc 
ture of the thread ha.s an important beanng on 
the ultimate strength of the mantle, although 



the thread is only used as a temporary eupport 
for the rare earth salts 

As the materials employed m the making 
of artificial silk are relatively pure the amount 
of mineral ash left after mcuicration is negh 
giblo, and silk fabrics do not require the 
thorough crashing process that is essential when 
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vegetable fibres are used Because of its sobd 
structure artificial silk behaves differently from 
vegetable fibres It absorbs the impregnating 
solution comparatively slowly, and several hours 
soaking at normal temperatures arc required 
to Impregnate the fabric completely Further, 
much finer jam is employed for silk mantles 


than for those made from ramie and therefore 
the ratio of the weight of yarn to absorbed 
nitrates is much less lienee if the viscose fabric 
containing nitrates is burned in the usual waj 
the incineration is \ ery rapid with the result that 
the ovide skeleton falls to powder In I’lais 
Betty's process the impregnated artificial silk is 
dn^ slowly and then treated with ammonia 
solution Ihis method of “ fixing ” the oxides 
by ammonia gives good results and the resultant 
mantles are strong and flexible The action of 
the ammonia is to convert the nitrates into in> 
soluble i^drOTides and the ammonjum nitrate 
produced m the reaction must bo removed by 
thorough washmg in distilled water 

In the commercial manufacture of mantles the 
greatest possible care must be exercised at e\ erj 
Btige Iho fibre used to form the thread must 
be of oven quality and tluckness The selected 
thread is kmtted into a long tube of fabric, 
known as a “stocking,” by machines provided 
with a number of needles disposed in a circle 
and fed by one or more spools of yarn After 
leaving the knitting machines the cotton or 
ramie stockings contain impurities to the extent 
of 1 %, and special care is needed to eliminate 
them as their presence even in small quantities 
adversely affects tlie strength and lighting power 
of the mantle to a remarkable degree The wasli 
mg of the stocking made from vegetable fibre 
must be exceptionally thorough if a good quality 
mantle bo required The fabric is well washca 
with boiling alkab solutions, rinsed in water and 
dilute nitric acid for several hours, and finally 
washed m distilled water and partly dried in a 
centrifugal machine The drying is completed 
by hanging the fabric in chambers through w hich 
warm dust free air is circulated The washing 
process occupies 2 or 3 days and the mineral 
matter in the fabric is reduced to less than one 
part listen thousand 

The washed and dried fabric is now ready to 
act as a temporary support of the rare earth 
compounds which alone will constitute the 
skeleton of the finished mantle The impreg 
nation of ffie stocking with tie "Lighting 
Fluid ’ 13 carried out by immersmg the fabric 
in a solution consisting mainly of thorium and 
cenum nitrates The exact composition of tbo 
bghtmg fluid.variea slightly according to the 
nature of the mantle required, but owing to tbo 
marked effect on the light giving power of even 
small deviations from tbo standard mixture it 
is of the greatest importance that the proportion 
of thorium oxide to cerium oxide should bo in 
the ratio of 09 to 1 The thorium nitrate is 
dissolved m distilled water to form a 30% 
solution and the calculated amount of a standard 
renum nitrate solution added With ramie and ' 
. cotton fabrics it is usual to add a small pro 
portion of beryllium nitrate m such quantitj 
that the final ash contains about 0 5% of 
bervUium oxide The addition in small amounts 
of the nitrates ofolher metals such as aluminium, 
magnesium and calcium is sometimes made, tho 
function of their oxides being to strengthen tho 
ash by causing a partial fusion of the ash 
skeleton A suitable formula for the lighting 
fluid for the impregnation of ramie and 
artificial silk fabrics is as follows 
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ehaping the mantles consists of a row of gas 
burners mounted on a metal frame, i%hicli is 
eqiupped with a mechamcal device for raising 
and lowering the burners Each burner is fed 
\nth a mixture of gas and air under pressure 
The flame is started -with a comparati^elj low 
pressure of air and this is graduallj increased so 
that the flame exerts a steady pressure on the 
mantle, which is held in po«ition hj a support 
of heat resisting metal As this operation pro 
ceeds the pressure of the flame slowly moulds 
the oxide skeleton into a uniform shape while 
the toughness and elasticity mcrease as the heat 
mg continues The seaoomng or hardening of 
the ash lasts from 3 to 5 minutes according to 
the size of the mantle being treated 
The manufacture of the mantle is now com 
plete but, to protect the fahne from the hazards 
of transport, the mantle is dipped into a solution 
of collodion which coats the ash with a thin film 
of vanu«h Thi^ co% ering is a specially prepared 
solution of cellulose mtrates dissoh cd m a mix 
ture of alcohol and ether to which camphor and 
castor oil haae been added to preaent «linnkage 
during drying The highly inflammahle sol 
aents are remoied by diying the mantles m a 
well ventilated hood m whi^ the air is heated 
to a temperature of 50*C The composition of a 
suitable collodion aarni^h is as follows 


e 

Alcohol (Industrial) 1,000 

Ether $00 

Camphor 72 

Castor oil -10 

Cellulose nitrates 33 


After aaroishiHe and drying, the mantle is 
rtsistant to shock and ^ ibration In this con 
dition it IS packed and transported and the col 
lodion film is easily burnt away when the mantle 
IS required for use Some ty pcs of artificial bilk 
mantles, especially those used with high 
pressure lamps do not undergo the processes of 
burning off and shaping, but are sent out from 
the factory m the soft unhumed condition In 
this case lanushing is unnecessary and the 
mantles are incinerated and shaped by the ga» 
pressure of the lighting burners, on which thei 
arc to be used 

Before leaving the works, cxpencnccd 
examiners gauge the size and scrutiniMi the 
fabric of e\or\ mantle In order to pass these 
tests the mantles must be uniform in length and 
shape, for a tolerance of one eighth of an inch 
only 13 permissible with a good quality product, 
and the a«h must he cntirelv free from defects 

Uulun recent years the manufacture of gas 
mantles in England has been largeli confined 
to ji few well equipped factories, each of which is 
proa ided with a tc'ting room In this depart 
ment tests for durability and illuminating power 
are made on each batch of the finished pr^uct 
The durabihty of the mantles is determined I^ 
observing their behaviour when m use for at 
least 1,000 hours and their resistance to aibra 
tion IS ascertained b\ testing the mantles on a 
shock machine The illuminating power of the 
mantles is determined by means of one of the 
well known tvpes of photometer* u<«l in con 


junction with a burner, the gas consumption of 
which 13 carefully controlled 
The diseoveiy and development of the in 
candescent gas mantle revolationi ed fho 
economic p'rodiiction of light from coal ga«, and 
I\elsbach s s\»tcm was immediately challenged 
ha several inventions which sought to evade the 
WeUbach patents A great deal of ingenuity 
was expended in devising suitable alternatives, 
chief of these being a process invented by De 



Fig 4 — Hflla Bcshlight 


31are in 1804, his idea being the uso of refractory 
pinnies suspendevl o\ cr a Btm«en burner Again 
in 190^, Rene Lciglo cimed this idea further 
and developed the llella’ bushhght, hig -I 
consisting of a tassel of refractory rods made 
inim the oxides of thonum and cenum The 
filaments were raised to a hnlliant incandescence 
and it was claimed that the rods had a long life 
and an efficiency equal to that of the conven 
tional mantle The commercial success of the 
Wclslnch mixture led al*o to the use of thonum 
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of a gas jet impinging upon the catal3ret A self I 
lighting mantle is formed by attaching to the 
mantle ash a small pellet composed of a mixtare I 
of platinum black and argillaceous earth The ' 
device docs not usually have a long life as the 
platinum black loses its activity after prolonged I 
heating ' 

Several theories has c been advanced to explain 
the remarkable light giving properties of the 
Welsbach mantle and the more important may 


be considered under the headings of I selective 
radiation, II low heat losses and III catalysis 
I When heated to the same temperature 
j platinum emits a larger proportion of useful bght 
I rays than does iron oxide, and such substances 
as platinum uhich radiate hght and heat, are 
I often described as selective radiators The 
I selectivo radiation theory contends that the 
I incandescent mantle is an example of this 
1 phenomenon and the thona cena mixture eni 



plojcd 18 remarkable for the high proportion of 
energy «hich is radiated in the visible spectrum 
II Tlie mantle in the flame is in a state of ther 
mal equilibrium, receiving heat by conduction 
and lo«mg heat by radiation Pure thonum 
oxide has a low capacity for radiating beat, and 
in consequence ofthis a mantle consisting mainly 
of this oxide reaches a higher temperstomn the 
flame than would a mantle made from n gooil 
radiator such os min <1X1 U Coria on the other 
hand, has cteat radiating power, and the addition 


of large projiortions of cena to the \\elsbach 
mixture causes a rapid coohng of the mantle 
The cenum content of the mantle must therefore 
bo controlled with great accuracy It is the 
low cmissivity of thona in the infra red range 
and the high temperature of the radiating source 
which, according to this view , leads to tht high 
luminous output 

III ThocataliticefTectofthotliona cena mix 
I turr on thence of combustion of the gases at the 
: surface of the mantle has been investigated b> 
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Conditions of manufacture at this penod still 
prevented rapid progress m the utdisation of 
blue water gas It has alreadj been stated that 
the reaction between the steam and the carbon 
to produce water gas is an endothermic one, the 
heat absorbed in the reaction being made good 
by the interrenmg “ blow " penod, whereby 
the fuel IS again raised to incandescence Theo 
retically, it should be possible to obtam the 
required heat balance by burning half the foci 
by an air blast to producer gas and converting 
the remaimng half to water gas by the steam 
reaction In practice, however the loss of heat 
due to the escape of hot producer gas and by 
radiation, etc , made it necessary to continue 
the air blast until a mucli greater proportion 
of the carbon in the fuel was consumed 
Had it been possible in the early days to 
recover the producer gas and bum it whilst 
hot for any purpose, the efficiency of the process 
would have been greatly increased and there 
can be httle doubt that more rapid progress 
would have been made Since the producer 
gas IS about 4 times the volume of water gas 
made, and as the gases are produce<l inter 
niittently, the difficulty of utilising both 
appeared almost insurmountable 
\^hen the manufacture of carburetted water 
gas was first successfully came<l out it became > 
apparent that tlie producer gas the loss of 
which had crippled all water gas processes could 
ho utilised for heating chambers filled with 
chequer brlck^voTk to the temperature required 
for the thermal decomposition of the oil to 
gaseous products The oil gas thus obtained 
was mixed with the blue water gas to giae the 
now familiar carburetted water gas The pro 
ducer gas formed during the period of raising 
the fuel to incandescence was at onco burnt, 
with a minimum loss of sensible heat m the 
s^erhcating chambers In this way the 
efficiency of the process was greatly improved 
The increase in the price of cannel coal to 
wards the end of last century directed the 
attention of the gas industry in this country 
to the use of carburetted water gas for raising 
the illuminating power -of coal gas Its use m 
this respect has now ceased to be sigmficant. but 
Its value in other respects has given the car 
buretted vi ater gas process an important position 
m the present daj production of town s gas 
The process vtas adopted by the Gas Light and 
Coke Company at Beckton in 1890, and is now 
extensively used as an auxiliary to coal gas 
manufacture Many improvements designed to 
improve the efficiency of production and to 
reduce the cost of manufacture have been 
effected in recent jears, e g the development of 
waste heat boilers the use of self clinkenng 
grates the back run process, etc Tliej have 
contributed in no small measure to the high 
rfficiencj of a modern plant ns tjpificd hv that 
of Messrs Humphreys and Glasgow 
Just as the successful operation of a tar 
buretted water gas plant depends upon raismg 
the thermal efficiencv of the process bv recoverj 
of the heat energj m the producer or blow gases, 
so also does that of the blue water gas process 
In a mcnlem plant steam reqwura for gas 
making is generated and maj be superheated. 


and a surplus of steam is usually available for 
general process work Another factor m the 
economy of the blue w ater gas process is plant 
size It is only m w ater gas plant of large size 
that it becomes a commercial success to emploj 
refinements in design that will give the highest 
efSciency from a thermal as well as an operating 
point of view (c/ N E Rambush, Proc Intemat 
Conf Bit Coal, 1931, 1, 840) 

A modern plant for the production of blue 
■ water gas consists of the following mam 
parts , 

(1) the gas generator, 

(2) the valve control mechanism, 

(3) apparatus for the recovery and utihsation 
of waste heat, and 

(4) the gas cleaning plant 

Tob Ga3 Generator — The intenor walls of 
early generators were constructed of firebrick 
throughout but with increase in generator 
capacity, trouble was experienced due to fusion 
of chnker with the bricks of the hning Thu 
adhered so tenaciously to the sides of the 
generator that the rate of gas production was 
senously limited Water jacketing of the lower 
part of the generator casing was therefore 
adopted and is now general practice on large 
installations The steam developed in the 
jacket IS used for gas making and for this reason 
It 13 usual to operate the jacket at a working 
pressure approximatmc to that at which the 
steam is admitted to the generator It should 
be noted that m practice the effect of the water 
jacket IS to lower the fuel bed temperature with 
a corresponding lowering of the rates for the gas 
reactions Because of this cooling effect, 
jacketed generators are not economical at low 
production rates 

As accessories to the generator, means are 
provided for the supply of fuel under gas tight 
conditions and for the removal of ash and clinker 
Hi© fuel bed must be maintained at the same 
density throughout, in order that the steam ond 
air may spread evenly over the whole area A 
mechanics fuel feeding device of the cycho^or of 
the continuous typo is essential if a gas of con 
slant composition is required Such devices 
have the ndchtional advantage that gas making 
need not be interrupted to enable the generator 
to bo charged Expcrienca has shown that 
there are two causes for the variation m ga* 
quality which is inherent in a system emploung 
a static feed I irstly, the fuel depth and thus 
the fuel bed resistance gradually decreases after 
chaiging and, secondly, the top of the fuel bed 
undergoes wide temperature fluctuations with 
each charging of cold fuel on to the hot 
bed 

Tlie high gas pressures u«ed on water gas 
generators and the intcrmittcncj of gas making 
necessitate mechanical fuel feed designs differing 
from those iiserl on gas producers In the 
charger the fuel is admitted as a Imlk charge 
into the generator once per cycle Operation 
may be governed directly from an automatic 
valve controlling machine, so that the coke is 
admitted to the generator fuel bed at one pre 
determined point in the cvcie namelj during 
the down or back run, when the top of the 
generator is free from combustible or toxic gases 



bv rcftrrnct; to a I’oncr Gas Corporation pHitt of fi\c stapes (Ti)? 2). lu tbo blow stage, a'f >•'’ 

(tig l),as iiistal!e<I at Billingbam, of which a passed up through the fuel for a period of about 

full docnjition has l>oon given (Fngincoring, 1 minute, and is thenco conducted through 
lOi'J, 127, 318 -150, 508). Ihe cjcle consists recuperators and waste heat boilers to the 
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and coke pnccs encourage this ^ocedure 
Methane al«o occurs in water gas and its presence 
lias been attributed to residual \olatiIe matter 
m the coke, sj-nthesia from carbon monoxide 
and hydrogen or from coke and steam A 
typical water gas analysis is 

CO, CO H, CH, N, 

60 40 0 51 0 03 37 

As steaming progresses, the fuel bed is cooled 
and the carbon dioxide and undecomposed steam 
contents increase At the same time the rate 
of gas production heoomea uneconomic as shown 
diagrammatically in Tig 4 Heat most again 
be stored in the fuel bed by means of a blast 
During the blast the products of the reaction, 
after passing tlirough the first shallow layer of 



Time 

Fia 4 


the actire fuel bed are derired from the n* 
action 

C+0,(+4N,) CO,{+4N,)+172,6(50 

B Th U per lb atom 

From the point of new of beat storage in the , 
generator it would be ideal if it remained at this I 
stage, but further reduction to carbon monoxide ' 
can occur by the reaction 

C4-CO,(+4N,)=2CO+(4Nj)-72,000 
B Til 1/ per fb atom 

which consumes more carbon and absorbs heat 
which «as intended for water gas prodiicttoo 
Higher rates of Hasting decrease the extent of 
this rcduc tion and this fact is one of the reasons 
why higher blast pressures arc favoured in blue 
water gas plant as distinct from carburetted 
water gas plant where there is an opportunity 
of utilKing the potential heat of the blow gases 


As the temperature of the fuel bed rises, the pro 
dnction of carbon monoxide is accelerated 
(tig 5) This inaolres the disadvantage of in 
creased thermal loss, but it makes for h;gh rales 
of production of blue water gas of high quality 
If high outputs are not required, the moon 
Bistcncy may bo avoided because the rate of 
steaming can be very low compared with the 
blast (c/ Puel Research Board Tech Paper 
No 43) Under these conditions the fire 
remains cool and therefore the carbon monoxide 
content m the blow gas is kept low, but the water- 
I gas calorific value is maintained because of the 
1 low rat« of steaming Such a method of opera 
tion IS not commercially feasible because of the 
high capital charges involved 
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' As blowing proceeds and tlie temperature of 
tbe fire rises the proportion of carbon monoxide 
rapidly increases The combustion of the blow 
gas in recuperators (m blue water gas sets) or 
carburettors (in carburetted water gas sets) has 
been greatly improved in some recent instal 
lations In those generators fitted with annular 
boilers the blow gas at the periphery is poorer 
in carbon monoxide content than that at the 
centre and this stratification persists through 
the second vessel For this reason the former 
mode of secondary air admission at the shell of 
the second vessel led to poor mixing uncertain 
Ignition and incomplete combustion The 
method now adopted for overcoming this consists 
in the introduction of secondary air at the 
generator carburettor connecting mam where 
velocities are high and good mixing results 
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Fnrthennore, the rate of secondary air admission 
is controlled hy a ‘‘ creeper ” ram -which is 
shaped to correspond rvith the increasing carbon 
monoside content of the biorr gas. In this wav 
the blow gas can be perfectly burnt and the heat 
made available for steam raising, oil cracking or 
interchange with back-run steam. When suffi- 
cient heat has been stored in the fuel bed. the 
blow is endeti and the blow gases expelled from 
the plant bv the water gas in the purge wliich 
follows. 

Atr-Sliarn Batio. — F. J. Dent, who has carried 
out extensive water-gas trials on behalf of the 
Joint Research Committee of the Institution of 
Gas Engineers and Leeds L'niversitr-, has intro- 
duced a useful conception — the “ air-steam 
ratio," which may be defined as the ratio of the 
cubic feet of air supplied to the fuel bed during 
the blow to the pounds of steam passing through 
the fuel bed during steaming. The air-steam 
ratio is a fundamental factor governing the 
temperature of the fuel bed and the reactions | 
occurring in it. It determines the composition I 
of the blue water gas produced and the carbon 
monoxide concentration of the blow gas. Re- 
lated to the potential heat in the blow gas is the 
fuel consumption and the heat available for 
steam raising. With air-steam ratios lower 
than 30 the carbon dioxide in the blue water- 
gas increases beyond an economic limit. The 
degree of dependence upon outside steam may 
be another limiting factor. With air-steam 
ratios greater than 70 the output falls to a pro- 
hibitive point, coke consumption rises, steam 
is over-abundantly available and clinker for- 
mation is liable to disturb the fuel bed con- 
ditions. 

The influence of the air-steam ratio on the 
comxMJsitions of the water gas and blow gas is 
shown in Fig. 6. The graph also indicates the 
fall in output and increasing steam decom- 
position which result from increase in air-steam 
ratio. The fall in yield of water gas per 
1,000 lb. of coke due to the increased potential 
heat in the blow gas can also be seen. The 
graph should be studied in conjunction with 
Fig. 7, sho-sving the influence of air-steam ratio 
on the rates of steam supplied for gas making 
and for ancillary plant as well as the rates 
of steam generation from the aimular and 
waste-heat boilers. Self-sufficiency in steam 
occurs at an air-steam ratio of about 40. These 
results, extracted from F. -J. Dent’s data (Trans. 
Inst. Gas. Eng. 1935-36, 85 ,276), refer to a 
Humphreys and Glasgow generator of S ft. S in. 
internal diameter. 

The influence of the air-steam ratio upon the 
carbon distribution per therm, of B.W.G. made 
is as foUo-ws : 


Air-steam ratio 

72 

52 

32 

Total carbon supplied . 

1401 

11-78 

10-39 

Carbon burnt during 




blow 

8-21 

6-21 

. 5-02 

Carbon occurrins in 




B.W.G 

4-S6 

4-SO 

4-8G 

Carbon in ashes, clinker 




fliers 

0-94 

0-71 

0-51 

Total carbon in products 

14-01 

11-78 

10-39 


Von. V.— 32 


and the_ corresponding thermal balances are 
affected in the following manner ; 


Heal absorplioTi (therms 
per therm B.W.G.) : 
Bv reaction between 


carbon and steam . 
As sensible heat in 

0-211 

0-208 

0-203 

B.W.G 

As sensible heat in nn- 

0-060 

0-055 

0-052 

decomposed steam . 

0-018 

0-022 

0037 

By generator boiler . 
By evaporation of 

0-122 

0-103 

0-101 

moisture in coke . 
By radiation convec- 
tion (and by water 

0-010 

0-010 

0-010 

seals) .... 

0-016 

0-015 

0-015 





Heat returned to gene- 
rator by back-mn 

0-437 

0-413 

0-418 

steam .... 

Heat production : 
Potential heat in blow 

0-024 

0-030 

0-050 

gas 

Sensible heat in blow 

0-572 

0-356 

0-228 

gas 

Sensible heat stored in 

0-221 

0-172 

0-140 

the fuel bed . 

0-413 

0-383 

0-368 


Othep. Vahtabi.e Factoes. — ^Apart from 
alteration in the air-steam ratio, the number of 
other factors which may be varied is consider- 
able, e.g . : 

(i) The length of the cycle. 

(ii) The proportion of time occupied by the 

blow. 

(iii) The proportion of steam used, on the. 

down-run or back-mn. 

(iv) The pressure of the air blast. 

(v) The depth of fuel bed. 

(vi) The nature of the fuel. 

The operation of a water-gas plant is com- 
plicated by the large number of variable factors 
involved, but by a correct appreciation of these 
factors a water-gas plant can be made a highly 
flexible machine capable of wide variations in 
output, gas quality and steam production when 
usins a range of fuels varying in size and mois- 
ture content. 

(i) The Length of the Cycle . — This should be as 
short as mechanical limitations wfll permit. 
The shorter the cycle the smaller is the cycUc 
finctuation in the temperature of the fuel bed. 
The later part of the “ run,” which is associated 
with a high content of carbon dioxide, low steam 
decomposition and low output, is eUminated. 
With hand-operated sets it was difficult to reduce 
the cvcle below about 5 minutes, but now, with 
foUv automatically-operated valves of refined 
desisri, the cycle can he reduced to about 
2 minutes 40 seconds. Further reduction is 
limited by the fact that the purging of blow 
OSS bv blue water-gas and rice versa does not 
hivolve a perfect separation and, to avoid ex- 
cessive loss of blue water-gas, some blow gas 
has to he accepted. The amount of blow gas 
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to h= accept«l and the amount of blue water- 
gas to be lost is a consttint quantity per cvcle 
and cecontes an excessive proporrion with short 
cycles. S imil a r ly the amoimt of steam wasted 
by being left in the carburettor and superheater 
at the conclusion of the back-run is’constant 
and its proportion increases with shorter cveles. 
The back- or down-run is followed by a second 
short up-run as a safety precaution to prevent 
air blast coming into contact with combustible 
gi-.s St the ixise of the generator. Tnis short 
up-run repre-sents lost time and lost steam and 
remains constant for aU lengths of cycles. 
X alve changes also occupy an appreciable time 
and wear and tear on the valves is dependent 
on the &equency of their use. 

(ii) Tfi Proporiior of Tir.-,; Occupied bp t/.c 
Blow . — The output of blue water-gas is depen- 
dent on the heat stored in the senerator to meet 
the endothermic requirements of water-vas pro- 
duction. This, in turn, depends upon the blow 
period if the blasting rate is constant. The 
function of a wnter-uas plant in the gas indnsrry 
in meeting peak loads stresses the importance of 
high outputs. With long blow-periods the rate 
of steam supply has to f>e correspondinuly in- 
creased and this causes a lower steam decom- 
iwsition and a poorer quality of blue water-gas. 
The eSciency of blue water-gas production falls, 
and if the gas is to be carbnretted. the shorter 
time for oil injection adversely afiects oii- 
cracking emeiency. The upper limit of blow 
period is about 4S^o. bat for low outputs the 
blow pericKi can be reduced, although for very 
low outputs it would probably be bener to 
operate discontinuously. 

The inSuenc-e of the length of the blow period 
upon output, thermal yields and steam decom- 
position is shown in Fig. S {ibid. 193.>-36, 2S7). 
Decrease in the blow period reduces the output 
but the thermal yield is improved. The steam 
decomposition does nor increase because in this 
case the plant was operated with a constant 
carbon diomde content in the water gas for all 
the different blow periods. This involved a 
decrease of air-steam ratio superimposed upon 
the reduction in blow period. Had the air- 
steam ratio been c-onstant. the improvement in 
thermal yield would not have been as great and 
the steam decomposition would have been 
increased as the blow period was reduced. The 
corresponding ste.im balance is shown dia- 
grammaticaliy in Fik- 9. 

(iii) Tt.o Proporiior. of Steam Supplied on 
Do’rr.-Bun or Bark-Bur.. — ^Xhe proportio ning of 
up and down steaming is related to the control 
of duiker formation and its extraction by hand 
or bv mechanical grates. The maintenance of 
sood fire conditions is not as amenable to 
s^cientiSc control a's the other factors affecting 
water-gas production, and considerable reliance 
Tips to be placed on the skill and experience of 
the gas maker. 

Control aims at preventing the solidification 
of the moken ash at a higher level than that at 
which it can lie extract^. Bridgmg over of 
large masses of clinker above the zone affected 
bv the crashing mechanism of the grate would 
I^d to “ channelling ” and loss of output. 
Solidification at too low a level, e.g. on the grate 


itself, would lead to dogging of the grate bars, 
bad distribution of air and steam and damase 
to the grate. 

The feel bed in the generator can be regarded 
as being comprised of three zones — a lower zone 
(about 3 ft.) of ash and clinker, the depth of 
which is determined by the speed of the 'grate, 
a middle zone (about 2 ft.) of higher tempera- 




tures where the chemical reactions are pre- 
dominant, and an upper zone (about 3 ft.) of 
c-oke which is too low in temperature for reaction 
because coke recently added has not had the 
opportunity to warm" up to the temperature of 
the rest of the feel bed. 

The top and bottom layers serve important 
fbnetions a.s heat regenerators. Without a down- 
xnn or hack-nm, the hot zone would rise because 
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the air blast and steam would rcncli the hot 
zone w ith little preheating and thus lead to a 
cooling of the first p»rt of the reaction zone 
Tbeecnsjhleheat ofthe blowgas and blue water- 
gas, however, would be partiallj transferred to 
the top zone which would become progressively 
hotter ^^ith a down run, howeter, heat is 
transferred from the top la} era, therebj pre 
heating the dow n run steam liefore it enters the 
reaction zone 1 urthennore, the sensible heat 
of the down rim water gas is interchanged with 
the clinher zone The heat so stored in the 
clinker is transferred to the blast and tip run 
steam The amount of down or back run steam 
has, therefore, an important influence on the 
position of the hot zone and upon the position 
of clinker formation 

Back run steam is more ndi nntageous than 
down run steam because it ma} be preheated to 
700° before entering the generator This u-»efal 
heat returned to the generator makes it advisable 
to use as much back run steam as possible par 
ticularly since it also leads to a reduction in the 
temperatures of the blow gas, blue gas «n<l im 
decomposed steam leaving the generator and 
eoneequently to a higher thermal efCcicncj 

Unfavourable clinker formation is watchwl b} 
penodio evploration of the fire by testing the 
ease of penetration of the fuel bed with rods, and 
occasionally a i-od may be left in for a few minutes 
and when withdrawn, the location of bright red 
red and black, sections on the rod indicates the 
zomng in the fire The grate is evamincil from 
below to detect the formation of clinker on the 
bars or the overheating of the grate An 
ammeter indicates excessive load on the motor 
driving the grate, whilst pyrometers fitted to the 
crushing stools or soma other arbitrary part of 
the grate and a back run gas pmnieter assist m 
mamtaimng good fuel bed conations The Fuel 
Research Board (Teclmical Paper No 43) have 
made a study of tb< factors leading to dinker 
formation 

The annular boiler, whicli is usually installed 
with a mechanical grate, maj rai^e 35 Ib of 
steam i>cr 1,000 cu fl of water gas and it is 
customarv to operate these boilers at about 35 lb 
pressure and vmplo} the steam proilaeetl for 
process pur|>oscs but w iter tube boilers can also 
be fitted to generators and work up to 150 lb 
ptr 8ij in The annular boiler derives its heat 

! >artl\ from that which would otherwi«t bo lo^t 
>} radiation, parti} from the sensible beat of 
the gases, but aUo b} conduction from hot coke 
In the generator The extent to which this con 
duction occurs is difficult to assess and a siniplo 
comparison with a bnek lined generator is not 
possible because of comphcation by other 
variables 

(iv) The Pressure of iKt Atr Blast — ^Thcadvan 
lage of raising the blast pressure is particular!} 
great in the production of blue water gas when 
therv H smaller use Tor j)n jH>ftiitial heal of the 
blow gas \\ attr gas pUnt is oomiuonh operated 
at a blast pres.siireofal>out m w g , but recent 
plant have eraploved pressures as high as 50 in 
and this, m fact, is common practice in America 
This high pressure necessitates deepening the 
wet seals on the generator or, more usually, 
adopting a dry grate 


Increasing the blast pressure involves a shorter 
Iuhg contact and less loss in the form of carbon 
monoxide in the blow gas This increases the 
heatatoiedin the fuel and hence tjio thermal 
efliciency of blue water gas production, but it 
lowers the waste heat steam generated Ihc 
proportion of the cycle occupied b\ the blow is 
retlueed and the plant output incrca'cd Limit'* 
to the blast pressure are set b} the loss of coke 
blown from the fire and the increased diflicultv 
due to clinker formation 

J G IvingandB 11 lUiams (F U B Ttch 
Paper No 43) have also stiubcd the effect of 
variation in rate of blowing and have developed 
an equation from which variation in blow 
gas composition with blast pressure ma} be 
inferred 

(v ) The Depth of Fuel Beil — The fundamental 
inconipitabilit} of the need for a shallow fuel 
bed during the blow and a deep fuel lie<l during 
the steaming has led to special designs of plant, 
eg ICrnmer and Aarts (J Gasbeleucht 1D03, 
46, 021) This consists of twin generators 
operated in parallel during the blow and in 
senes during the run The Dellwik Fleischer 
generator operates with a shallow fuel bod and a 
low steam rale {i6td 1900,43,354) 

In plant of more orthodox design it is cua 
tomaiy to have a fuel bed of 6ft , and varntion 
of this depth is suggested b} F J Dent (Trans 
Inst Gas Eng 1035-36, 222) to compensate for 
fluctuations in coke size and wetness \i> 
advantage is to be gaintnl b} adopting a shallow 
fuel bed as standanl because coats rise ns a result 
of a lower thermal } leld of gas and the g is output 
IS reduced 

The fuel bed functions as if it were a reaction 
tone between a mass of coke and a mass of 
clinker which art ns heat generators Reducinj 
the depth iiurenses the loss of sensible heat from 
the fuel hwl The optimum depth is thercfoia 
that which avoids excessive loss in sensible heat 
in tho ^is without causing undue resistanie to 
gas flow 

(vi) TheyatureoftheFiiel — The carbonaceous 
materials that have been usetl for produition 
of water gas include coke bituminous coil eemi 
coke cnide lignite and lignite briquettes TIicm 
varv in their volatile matter content caking 
power, tendenc} to disintegrate grading nsh 
fusibiht} anil inherent reactivilv Generator 
design has therefore, been modified to overcoiiio 
the special iLfliculties For oxamph, a fuel 
containing appreciable volatile matter ma} bo 
gasified in a generator fitted with a super 
imposed carbonisation shaft m w hich the sensible 
heat of tho water gas produced in the generator 
proper is used to expel the volatile matter in the 
freshly fed matenal 

In this country, where coke is commonly u-cil 
it 13 recognised that desirable characteristics are 
(n) large size and uniform grading (since tiuso 
jnfluenco the resist met of the fire and afieit the 
time of contact), (&) a high density wlucli per 
mita the use of a high blasting rate without 
unduo loss of fuel due to blowing over aa 
fliers, and (e) an ash which does not chnker 
readily 

If a material screened above 1 1 in w ith 25®o 
. above 3 m Is uoed, the gas output is about 20^o 
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greater than when W in. material is gasified. 
Thermal yields would be in the same ratio, due 
to the greater amount of potential heat lost in 
the blow gas on account of the greater surface 
presented to the gases as well as to the lower air 
rates. These losses can be reduced by adopting 
a shallower fuel bed. Where the lower cost of 
smaller fuel compensates for the reduced out- 
put and thermal yield. lower grade fuels can be 
satisfactorily employed. 

Tloisture in the coke has to be evaporated bv 
the gases leaving the generator and conse- 
quently the temperature of these, gases is 
decreased. This fall in temperature mav lead 
to difficulty in igniting the blow gas and may 
require a change in air-steam ratio to com- 
pensate for it. 

The reactivity of a fuel bed is a function of its 
temperature, the surface presented and the 
inherent reactivity. Tije temperature is limited 
by that at which clinkering occurs, whilst the 
surface presented is determined by the size of 
the coke, but small coke has overridinn dis- 
advantages in other directions. .A bi^ in- 
herent reactivity is desirable since, for a given 
rate of steam decomposition, there is a lower 
operating temperature and there are smaller 
losses, in sensible heat from the generator. A 
low reactivity to carbon dioxide and a high 
reactivity to steam would be desirable in water- 
gas production, bnt these two reactivities are 
usually paraKel. Furthermore, initial reactivity 
is affected by the heat treatment the coke 
receives in the top of a generator before it 
descends into the reaction zone. The Fuel 
Research Board (he.) have made comparisons 
of the performance of a water-gas plant when 
gasifafing horizontal-retort coke, vertical-retort 
coke* and semi-coke. The tests were carried 
out at equal air rates and the water-gas outputs 
rose with increasing reactivity, viz. 39-7. 42-1 
and 45-6 therms per hoiu. The increase in the 
output with semi-coke was partially due to 
residual volatile matter. The water gas from 
the semi-coke did not show a higher carbon 
dioxide content, indicating that the effect of 
any lowering of the fuel-bed temperature is 
counterbalanced by the greater reactivity to 
steam. Thermal efficiencies were similar becraise 
increased reactivity also involved increased 
production of carbon mono.xide in the blow 

CoNTLxrors W.ctek-Gas PnoDrcxiox. — ^It 
has been made clear that when the nccessary 


fransfer. A generator of 220 sq. ft. cross- 
section is capable of the enormotis output of 
42 million cu. ft. of water gas per day. Generators 
of this type are employed at Oppau and Leuna 
in Germany for the production of hydrogen for 
ammonia synthesis and coal hydrogenafion. .4. 
proportion of the fine fuel is 0100*0 over and 
provision has to Ite made for freein" the j:?-s from 
dust by means of direct coolers and electrostatic 
precipitators. Typical gas compositions have 
been given (Genie Civil, 1930, 109. 105) : 



J Gasifying 

mixture. 

Composition. 

1 Oxygen 
) and 

1 steam. 

! Oxygen, 

{ air and 
[ steam. 

Composition : 

1 or 

O' 

CO, 

1.7-20 

1.5*2 

CO 

47-36 

320 

H, 

39-41 

29*7 

CH, 

n-6-0-4 

1-3 

N, 

0-4-0-5 

20*9 

Raw materials per cubic 
metre of sas : 



Fuel (kg.) .... 

0*62 

0.5 

Air (cubic metres) . 

— 

0-23 

Oxvgen at- 9S<)n puritv 

0*27 

0-17 

Steam (kg.) . . . 

0-3 

0*2 



heat is supplied by blowing with air. the intro- 
duction of atmospheric nitrogen necessitates the 
discarding of the blow gases and the operation 
of the plant cyclically. It is possible, however, 
to supply the heat of reaction by the use of 
oxyeen -with the steam. See H. J. Hodsman 
and .T. W. Cobb (Trans. Inst. Gas Ensr. 1919-20, 
429) and F. J. Dent (fti'd. 1030^7. 120). 

The continuously operated Winkler generator 
I Fig. 10) employs a mixture of. oxygen and 
suj^rbcatc*.l steam, the fuel being small (up to 
6 mm.) dried brotvn coal or semi-coke derived 
from brown coal. The veIocitics.ofthe incominc: 
gaS’-' are such that the fuel in the generator is 
kept in a state resemblin'.: ebullition, a condition 
which favours intimate contact and good heat 


Fig. 10. 

The iifrh proportion of oxides of carbon is dim 
to admixture of the combustion products .ami 
carlwn with the water gas and abo to the hich 
percentage of oxygen in the oririnal fuel. 

The Lurgf generator (Fi~. 11) mnsi-t-, of a 
water-jacketed vessel of about 3 ft. 9 in. intern*il 
diameter which operates with a 10 ft, fuel besi. 
Operation of the process is restricted to non- 
cakint: coab; a largc-scal'' plant at Zittau 
operates on lignite (r/. Arch. Warmttifrf. 1P.7S. 
9. 2‘ri). Tlie gasifyinr mixliurn r erdsts of 
inixtup' of pre-hi'atfd oxy^' n and stc-im at 
al>out 20 .atm. and this pres-un. is maintained 
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in the generator The fuel is fed into the 
generator bj means of a feed chamber hasing a I 
bolted co\er plate aboTe and a cone feed salvel 
belou- With the chamber full of fuel, ebargmg I 
consists of equah«ing the pressure in the 
generator and the feed chamber, and then lower 
ing and replacmg the cone vah c After blowing 
off the gas contained in the feed chamber, the 
cover plate is removed and the feed chamber 
refilled with more fuel A similar device below 
the grate permits the intermittent withdrawal 
of the ash Gas production proceeds con 
tmuously High pressure is adopted because 
it IS found that a process is superimposed upon 
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the water gas production which leads to the pro 
duetion of methane in the upper part of the fuel 
lied This production is favoured bj pressure, 
and It woulcl appear that the mechanism depenib 
upon the hjdrogenation of the fiaed carbon 
of the fuel (Trans Inst Gas £ng lOdS-S*), 150) 
F Danulat (Mitteil der MctallgescU<chaft 1938 
Xo 13) has given details of the operaticm and 
wothing results with a plant of this type An 
output of 0 62 tnilhon cu ft of gas of a calorific 
value of 4t0 B Th U per eu ft was obtamed 
and the oxj-gen requirements were onlj 15% of 
the volume of gas produced The compo«ition 
of the gii« Ix-forc and after washing under 
pressure is 
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30*6 1 

0^ 

30 

CnHm 

06 

05 

o. 

I 01 

0 1 

CO 

1 16 5 

22 S 

H, 

34 0 

48 7 

CH, 

16 3 

oo r, 
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23 


The advantages of operation under pressure 
besides the raising of the calorific aalne, are 
(i) low \elocities through the fuel bed (u) simph 
fication of purification and of benzole stripping 
from the gas and (lu) ease in transmitting the 
gas over long distances 
It should bo noted that the practice of steam 
ing adopted m the production of town s gas in 
the continuous icrtical retort is an evample of 
continuous water gis production Here the 
heat of reaction is derived partlj from the 
sensible heat in the coke and partlj from Jieat 
transferred through the retort walls (c/ H 
Barash and T M Tomlinson Proc Intern Conf 
Bituminous Coal 1031, 1, 60o) 

The Pintscb HiUehnnd generator produces 
rater gas continuously rjthoiit the ii»e of 
oxjgen The plant consists essentiallj of a 
generator mounted upon twin regenerators 
Provision IS made m the generator for the car 
boni'^'ition of hgnite briquettes in its upper half 
and for water gas production m the lower half 
Each I art has a separate off take Some of the 
water gas made is mixed with the products of 
carl onisation deri\ed from the upper section 
and 13 then preheated in one of the regenerators 
The heated gas nnsture is then led into the fuel 
be<l where its sensible heat is expended m the 
carbonisation of the coal A portion of the pre 
heated gas is reserved for combustion in the 
second regenerator, where it is burnt with nir 
which mav be mixed with waste gas to lengthen 
the flame By this means the temperature of 
the regenerator chequer work reaches about 
1 300® The regenerators are changed o\er 
leverj 15 minutes ^\hcie an externa! supply 
of gas IS available for heating the output of gas 
from the generator niaj be increased bj as much 
as 0o% A description of the operation of a 
j plant of this tj-pe has been gi\ en bj II Muller 
I (Cheni Fng Congress M orld Power Conf 193b, 
E5) who discusses the advantages of water gas 
as a source of hx drogen 
laocwTRiAi VrpiicxTioNs j)F \\ ATEn Gas — 
i II afer Gas as a Source of Hydrogen — Tlic in 
|dustml demand for large quantities of cheap 
hjdrogcu has acted as a great stimulus to w alcr 
gis production In the sjnthctic ammiiiii 
industrx, forexample the mam factor in thi rost 
iof proihiction is the cost of the hydrogen (i 
|Ammomi, ^ol I p 334) 

Methods ba«ed on water gas production which 
are avnihUe for the manufacture of hjdrogcn 
on a large scale include the following 
I (I) Tlie production of water gas from coke 1 \ 

I tl c normal (discontinuous) method followed Lj 
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conversfon of the carboa. moaoside to carbon 
dioside and its elmiinatioa. 

(2) lie prodnction of rrater gas &om coke by 
s conrinuotis irethod eraplovinr oxygen and 
steam. 

(3) The production of trat^r gas from iignitc. 

i4> The decomposition of gaseous hrdro- 

c.irbons by means of steam. 

io) Eednction of iron oxide to iron by crater 
go' toUoTTed by tie passage of superheated 
steam over the iron to form iron o.xide and 
hydrogen (Lsne process). 

The pnxiu'-tion of hydrogen by such processes 
vrili be treated under HxDacKttnt. 

6is. — ^There is required for the syn- 
thesis of methanol or the Fischer smthesis of 
hydrocarbons, a gas in trhich the ratio of carbon 
monoxide to h-drogen is 1:2. The ratio of 
co;h. in normal blue vrater-gas is l:I-2.5 and 
the foEovring methods are employed ro produce 
from it a gas of the required c-omposition : 

(1) Production of blue vrater-gas, its puiiS- 
catioa from sulphur compounds and the con- 
version of some of the carbon monoxide into 
hydrogen by catalytic interaction 'xith steam. 

C0frH,0=C0jd-Hj. 

The imconverted and converted gases are then 
mixed to obtain the correct proportion of 
hydrogen to carbon monoxide. 

(2) ilodiScation of the tvater-gas process by 
introducing debenzolised coke-oven gas along 
■with the stesm during the “ make ’’ tvhereby 
the reaction 

CH4-^H.O=CO-f-3H,. 

augnients the hydrogen of the blue vrater-gas 
and the hydrogen of the c-oke-oven gas. For 
ICKJ vol. of blue vrater-gas. 70 voL of coke-oven 
gas are needed to give a total of 220 vol. of 
synthesis gas. 

(3) Gasification of semi-coke in an ordinary 
water-gas generator goes parr of the way to- 
wards the required ratio, €m. 54% H, to 36% CO 
can be attained. The volatile matter of semi- 
coke is rich in hydrogen and most of this re- 
aupears in the water gas and enriches it in 
hydrogen. 

The c-oke ovens from which the coke fuel for 
the water-gas sets is obtained may conveniently 
provide extra hydrogen- 

* Another industrial application of water gas is 
found in nickel metaHurgy. where both the 
carbon monoxide and the hydrogen in the water 
gas are reouired in the manufacture of metallic 
nickel from the ore by the Idond process (<y. 
Anon., Ind. Chem. 1934, 10. 2-53). The ore 
consists essentially of a mixture of the sulphides 
of nickel and copper and. after extraction of 
the copper, the matte remaining contains about 
.56% of nickel. The operation for extracting 
the nickel consists in reducing it to the metallic 
state by means of hydrogen- followed by ex- 
traction with carbon monoxide as nickel car- 
bonvL which is then decomposed to give the 
metal. It is not necessary ’ to separate the 
hydrogen for the reduction : a supply of water 
cas is ^ssed directly through the reducer. The 
reduction process is interesting in that it is 
accomplished at so low a temperature that the 
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: carbon monoxide effects only about 3% of the 
reduction, some 97% beinv due to the hvdrogen. 
The reaction ^h hydrogen, although an endo- 
thermic one is. at the temperature emploved. 
from 20 to 40 times as rapid as the exothermi 
reaction with carbon monoxide. The result o 
great activity of the hydrogen in the reduf- 
tion is to give an end gas which b very rich in 
carbon monoxide and is thus suitable' for the 
formation of nickel carbonyl. 

H. H. and W. A. V. 

GAT 1 ERldANN REACTION Vol. 
Ill- oSod). 

“GAUGING PLASTER” {r. Vol. n, 

l. 32d). _ 

GAULi HERIN (ilonotropin}. the parent 
glycoside of methyl salicylate, obtained from 
G'lultr.ena yrocurnijcr-s L.. it contains the disac- 
charide. primeverose (Bridel. Compt. rend. 192-5. 
180. 1864). 

GAULTHER lOSIDE. A glycoside ob- 
tained from GauUheria prociirr.hir.? L. It has 

m. p. 1S.5”. [c]d —.58-07' (anhyd.). and yields on 
hydrolysis glucose, xylose and EtOH (.J. 
Eabate and S. Rabate, BuIL Soc. Chim. biol. 
1931. 13. 604). 

GAUSS CELL (r. Vol. HI. 54dj. 

GEASE (r. Vol. IT. 3145. 394d). 

GEDRITE (r. Vol. L 302d). 

GEGENIONS (;-. Vol. m. 2S4oj. 

GEHLEN ITE (r. Vol. D. 146d). 

G E Id EREN E . The hydrocarbon, giijerane. 
CjjHjj. b.p. So'/ll mm., 0-870. rr^ 1-4SSS. 
[c]n=0v occurs in the essential oil from Gsijara 
ponrifiora (Penfold. J. Proc. Roy. Soc. Xew 
South Vales. 1930. 6 t. 264: Penfold and 
Simonsen- ibid. 1 932, 66. 332). The hydrocarbon 
fe monocyclic and contains three ethylenic 
linkages, one of which is present as a methylene 
group, but no further evidence as to its structure 
is avcdlable. Hcxchjdrogiijireva. b.p. 9d'[20 
nun- d^ 0-8373, 1-4577. has been prepared 

bv the cataivtie hvdrosenation of neijerene. 

J. L. S. 

GEIN (r.rr,394d). 

GEISSOSPERMUM VELLOSII, AL- 
KALOIDS OF. From the bark of Geisao- 
ipenr.um VeUo-iii (Fam. Apocynaceje) (syn, 
Tabemaemontana Isvis VeB.. Geissospermum 
lave (VeUozo) Bafilon. vulg. Pao Pereiro. Pau 
Pereira) an amorphous brownish-yeUow extract 
is obtained which since long is used as a febrifuge 
under the name of " pereirine ” in Brazil. For 
history and botany of pereiro-bark. Eay- 
mond-Hamet. 'Bull. ScL pharmacoI. 1937, 44, 
449. 

It was Hes=e wbo first isolated from pereiro- 
bark the two alkaloids gcis-o-pennir.c (I) and 
pereirine (D) (Annalen. ISSO. 202. 141) and a 
third alkaloid relJa-ir.e was found by Freund 
and Fa vet (Ber. 1893. 26. 10S4: Annalen. 1894. 
282. 247). References to early Eterature may 
also be found in the papers by Bertho and co- 
workers (Ber. 1931- 64 [Dj, 22/S; Ann alen, 
1934. 509, 241) who re-examined the plant and 
/rave the loliowinn details : 

" Geis-Oop-rrrinc' (I)- C^oH.-oO.N.-FUH.O. 
from aqueous MeOH. [c]^' -101-9^ (EtOH) 
or {I) -:-2H.O from ethyl acetate or bmzene 
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[a]^® -108 2° (EtOH) Two of the four N 
atoms of geissospermine are basic, it yield* 
neutral salts with I mol of a dibasic acid and 
combines with 2 mol of methyl iodide He 
salts are crystalline, it contains one OMe 
group and a labile basic NMegroup Torcolour 
reactions, see Raymond Hamet (I e ) 

Pereinne (11). CjoH^ONj 0 SHjO, [«]» 
+ 137 5°, amorphous, yellowish coloured powder 
with intensely bitter taste (whereas (I) is taste 
less) (II) IS obtamed from the mother hquors 
of (I) and IS readily soluble in EtOH MeOH, 
EtjO, ethyl acetate, benzene, and CHClj 
(II) does not contain •OWle or -NMe groups 
The salts, the methyl ether, and the meUuodide 
are also amorphous 

Vellostne (III), CjjHjgOiN, [a],> +22 8°, 
m p 189°, crystalhses from EtOH, it contains 
two OMe groups and behaves as a mono 
acidic tertiaiy base. The salts arc crystalline, 
and physiologically it resembles brucine 

The constitution of the three Geissospermiim 
alkaloids is unknown although the work of 
Bertho and co workers makes it probable that 
these alkaloids are indole or perhaps harmano 
derivatives By treating geissospermine with 
alcobobc HCI its apparently symmetneal mole 
cule IS apht into two equal halves 

C„H„N,Oi+lHjO. 

[oJo* —67 4°, mp 116®, amorphous readily 
soluble ID MeOH, EtOH acetone, etc, only 
slightly soluble in benzene, CHClj and Et,0 
The salts and the methiodide are also amorphous 

Freiso (Pharm Ztg 1930 81, 241) has isolatcil 
from strychnos epp curare hke alkaloids among 
which there is a base very similar to or identical 
with vellosme 

Schl 

GELATIN — Gelatin is the 'first hydrolytic 
product of collagen Commercial gelatin is the 
purest form of glue (q v ) and is made from hide 
or skin trimmings or bones by similar methods 
but with greater precautions to ensure punty 
especially in the case of the photographic and 
edible varieties 

j^Iabufactcbe — (a) H\de and Sltn Getaltns 
— These constitute a large proportion of the 
supply The raw material has to be carefiUly 
chosen Hide and calf pieces (trimmings such 
as ears, cheek pieces, pates, fleshings, etc ) 
make the best gelatin Sheep spetebes, hand 
fleshings and goat and deer pieces are also used 
but give a darker product These may come in 
the green or dry state from the slaughter house 
or after treatment with a lime suspension from 
the tannery The presence of sodium fluoride or 
eiLeofluonde in the curing salt docs not lead to 
an abnormal amount of fluorides in the gclatm 
(Jordan Lloyd, Collegium, 19J3, 098, J Soc 
Leather Trades’ Chem I9J4,18 501), butarsemc 
and bacterial contamination must be absent 
The Jirst process is a tliorough washing in 
tumbler or barrel mills to remove salt from 
“green’ stock and cleanse limed stock It is 
customary to run the material through a shred 
ding or pulping machine at this stage to obtain 
greater umformitv in the subsequent treatment 
The second process consists in treatment with 


a lime suspension This extracts some of the 
non gelling constituents, saponifies fatty material 
and opens up the collagen fibres, causing separa 
tiop into fine fibrils which, in their turn, arc 
separated further into the long col'oidal mole 
cules of gelatin, winch are soluble in hot water 
This liming operation is carried out by dumping 
the stock into concrete or wooden vats contain 
ing the lime liquors and turning frequently to 
ensure even distribution Several complete 
changes of lime liquor are used and the total 
amount of lime required vanes from 6 to 10% of 
the weight of the stock, and ^ould be free from 
iron and manganese The time taken depends 
on the kind and condition of the stock and may 
be 14-60 days Treatment is complete when 
the stock 13 plumped and relatively free from 
grease The time may be reduced by the use 
of ‘ sharpeners such as caustic soda The 
temperature is a very important fictor and 
should not exceed 2Q°C otherwise the gelatin 

E *ls sensitive emulsions which tend to fog 
whole process should bo very carefully 
controlled to avoid bacterial growth which is 
liable to be present in old liquors 
The third process is a thorough washing m the 
mills which should not be continued after the 
wash water runs clear and shows only a famt 
colour with phenolphthalem Prolonged treat 
ment results in the hydrolysis of the gelatin, 
which reduces the gelling temperature, the 
melting point and the viscosity The water 
supply should contain not more than 10-16 
grains per gallon of calcium and magnesium 
salts, and be as fiee as possible from iron, 
hydrogen sulphide sodium carbonate chlorides 
ammonia moulds and bacteria Salts tend to 
soften and liquefy the gelatin ^’ormaldchydo 
(1 in 100000) or other antiseptic may be added 
The fourth process is careful neutralisation 
with sulphuric or better, hydrochloric or sul 
pburous acids The acid is added to the wash 
water in the mills to get even action Sulphuric 
acid gives calcium suiphate which is difficult to 
wash out Hydrochloric acid must bo free from 
traces of iron and arsenic Sulphur dioxide is 
very detrimental in high quabty gelatin The 
stork should be rendered neutral to Methyl 
Orange or Congo Red and must not redden 
phenolphtbalein Acidity and alkalinity hotli 
lead to hydrolysis m the cooking and so it is 
necessary to bring the stock to a neutral con 
dition with a pn value of about 5 0 (Goebel 
Gelatin 1934,2 CC 75) It is then well washed 
with cold water in a revolving cylinder or paddio 
to remove the salts formed in order to obtain n 
product with a low ash 

The fifth process is the cooking which is 
iisuaUy earned out in large aluminium or 
wooden vats provided with water feed pipes 
ami fal'O perforated bottoms, below which are 
steam coUs for injecting steam The stock is 
covered with hot water and heated For higher 
grades of gelatin temperatures from C5-80’C 
are maintained for several hours Fractionated 
cooking IS usually practised the liquor being 
drawn off through a valve in the bottom of the 
vat, fresh water added and afurfher extraction 
made at a slightly higher temperature The 
first and second runnings are the best, tin. third 
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and foTirth yielding size. The residue is used as 
a fertiliser. In France, batteries of closed metal 
kettles are in general use. 

The sixth process is clarifying by settling or 
press filtration. The Uqtior from" the boSin^ 
floors i=: sometimes run into large shallotr vats 
and kept Trann so that the grease rises to the 
snrface and insoluble matters separate ont. 
Usually the honors are passed throngh coarse 
filters to remove nndissoived organic matter, 
albumins, mncins. lime soaps and mineral 
particles. Further filtration is then effected by 
the use of press filters filled vrith cellulose. Or 
the liquors may be clarified by the use of potash 
alum or the addition of egg albumen solution to 
the cool mixtcre. the temperature then being 
grp.dnaHy raised until coagulation takes place. 
After settling for some bo-urs the clear honor is 
siphoned off and filtered. 

The scteric process is concentration. This 
cannot be effected by simple evaporation because 
a skin vould form and the interior portions 
vrouid lose their jellying pover. The aerobic 
system consists of rotating cylinders half in 
and half out of the hquor at 7O-S0'C. The 
Yaryan or climbing film type of evaporator 
(r. EvjLPOEATioy, VoL FT, 40l?d) is in more 
general use because heating at 70’C. impairs 
the settinv po~er of the gelatin. The ■wafer- 
abeorbing capacity of gelatin depends upon the 
concentration at vrhich it is set prior to drying. 
For thin sheet varieties this is usually stopp^ at 
•5-6% shovm by a hydrometer, and setting is 
effected by chihing in shaHotv metal trays in a 
re&iserator. or by feeding over a series of slon-ly 
movfes chihing rollers, cooled internally fay 
brine. ~ The operations of chilling, cutting up. 
placins on metallic ffames and drying are 
usuaEy carried out by machine so that the 
gelatin is not touched by hand. 

” The ciffr.th process consists in bleaching trith 
sulphurous acid or hydrogen peroxide, but this 
is only necessary vrhere Iotv grade rav material 
has been used. 

The r.irJh process, the drying, must be very 
carefallv controlled because slovr heating 
favours hydrolysis, bacterial and mould grovrth, 
■whilst prolonged heating impairs the gelatinising 
■Dover. The temperature must not exceed 20"G. 
or the gelatin may soften or melt. It is thus 
best to drv in mcvo or in a chamber in vhich 
the velocftv. temperature and relative humidity 
of the air current are controlled. The speed of 
the hvdrolysis is least if the range is 4-7-6-0 
(SrupholmL Food 3Iannf, 19.38. 13. 46). The 
■vater-content should be reduced to 10-1.5%. If 
higher a flexible product trith poor keeping 
Q^litv is obtained. If lover the gelatin is 
brittle* and has reduced jellying pover. Sheet, 
cake. leaf, pearl- povdered, flake, kibbled and 
pressed foam preparations oi gelati n? (Sheppard 
e.nd Hudson. Ind. Eng. -Chem. 1936, 2S, 422) 
are on the market. 

(o) Botx Gilniin. — ^High-grade commercial 
geiatin is also made from ossein and hom-pith. 
vhilst horns, intestines, bladders, fish-bones, etc., 
are used for the crude varieties. The ossein is 
made bv sloviy pumping 6-S% hydrochloric- 
acid (ftee &om arsenic and iron) in counter- 
current sTctem throngh the degreased bones in 


large vooden vats for 5-10 days to remove the 
ttfineral constitnents, chiefly calcium phosphate 
and carbonate. The acid liquor, saturated tvith 
the calcium salts, is discharged for recoverv of 
the phosphate for use in fertilizers, hone china 
and phosphate baking powder. Sulphuric acid 
is not suitable owing to formation of insolnble 
calcium sulphate. A solution of sulphurous 
acid in a closed tank is frequently used because 
it bleaches and can he recovered. ' It is necessary 
to remove by thorongh -washing all the mineral 
constituents firom the bones and the soloble salts 
formed. The residnal acid is nentrahsed -with 
lime-water. The ossein is then limed for 6-7 
weeks with lime snspensions to plump it and 
remove the mncins. The effect of liming is dis- 
enssed by L. TIeum'er and P. Andry (J. Soc. 
Leather Trades' Chem. 1935. 19, _ 408). It is 
then treated as with hide gelatins. The yield 
fium ossein is 6-5-85% of gelatin. 

Properties . — The properties of gelatin are 
influenced by the collagen from which it -was 
made, by the concentration at which the strong 
solution set, by even small traces of mineral salts 
and by drying. Commercial gelatin contain? 
1-2% ash of which Q-2-0-5% is Hme. 8-15% of 
water; gelatoses and peptones. Bone gelatin 
contains traces of sulphites and phosphates 
(Procter, KoDoid-Beih. 1911, 2, 243). This is 
no disadvantage either for edible uses or for ad- 
hesives, but furtber purification is necessary for 
some photographic gelatins and to obtain a pure 
material for research purposes. Purification can 
be effected by washing with a mixture of dilute 
hydrochloric acid and sodinm chloride, and 
dialysing at the isoelectric point (pg 4-7) until 
fi^ee from chlorides (Smith, -J. Amer. Chem. Soc. 
1921, 43. 1350; Jordan-LIoyd and Pleass, 
Bioebem. J. 1927, 21, 1352), or it can be effected 
by electro-dialysis, which is stated to effect the 
separation of a more solnble and a less soluble 
form (Schryver and Thimarm, ibid. 1927, 21. 
1284; Knaggs and Schryver, ibid. 1924, 18. 
1079) or by electrolysis' of a gelatin gel between 
platinum electrodes (J. Swyngedauw, Compt. 
rend. Soc. BioL 1937, 126, 33, 35 ; KoUoid-Z. 
1938, 83, 230). Electrolyte-Sree gelatin acquires 
the power to flocculate gold sols after ultra-violet 
radHfion. 

Gelatin is generally an amorphous, brittle, 
transparent, colourless, tasteless, inodorous sub- 
stance- It is neutral to test paper and absolutely 
permanent in dry sir. When moist or in solu- 
tion. it rapidly putrefies and possesses the 
characteristic property of becoming acid at the 
commencement of the change, although am- 
monia is finally evolved. It has a specific 
gravity of about 1-3 and no definite melting- 
point. bat begins to soften ivith decomposition 
at about HOT. It is insoluble in cold water, 
alcohol- chloroform, carbon disulphide, ether or 
favdrocarbons but dissolves readily on heating 
with benzyl alcobol (Overhoff. 10th Internat. 
Consr- Chem, Borne, 1938; .J. Soc. Leather 
Trades' Chem. 1938, 22. 473). It dissolves in 
w a r m water (except if pure, when it is only very 
slightlv soluble even at lOO'C.) forming elec- 
tricallv neutral, multipolar zwittcrion? at the 
isoelectric point (pg 4-7). The solution^ cori- 
tains a large amount of gelatin A, which is 
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Btable above 35°C and baa a specUSc optical 
rotation of —313®, and very bttle gelatin B, 
w hich IS stable only below 16“ and has a specific 
optical rotation of —141* (Smith, J Amer 
Chem Soc 1910 41, 135) Salta redaco this 
mutarotation A crystaUine vanety of gelatm 
also exists (Bradford Nature, 1923, 111, 200) 
Gelatin dissolves in dilute salt solntions and 
its Bolubibty greatly increases in strong solutions 
of nitrates iodides and sulphocyanidcs and in 
strong solutions of urea A 15% barium chlonde 
solution dissolves sufficient gelatm to make it 
syrupy and the solution keeps veil Strontium 
chlonde has a similar but less effect It is 
readily soluble in N/1 sodium sabcylate It is 
soluble in concentrated acetic acid and in 
mineral acids, and loses its gelatinising power, 
but the solution forms a powerful cement for 
glass, etc Dumoulin’a Uquid glue consists of a 
solution of 2 lb glue or gelatin in 1 quart of 
water and 7 oz nitric acid (1 355 apgr) 
Gelatm is soluble m the cold in alkabs and tbis 
solution, as well as the acid solution ts laivorota 
torj On the other hand, gelatin reduces the 
solubility of easily soluble salts and increases 
the solubihty of difficultly soluble salts Idore 
hme is dissolved by gelatm solutions than by 
water 

Ash freo gelatin contains 49 4% of carbon, 
fl 8% of hydrogen 18 0% of nitrogen, 0 7% of 
sulphur and 25 1% of oxygen (Chittenden, 
J Physiol 1891 12, 33) I^tor analyses con 
firm the presence of sulphur but it is difficult to 
obtain it free from ash and peptone Dalun s 
technique (Biochem J 1918,12 290. J Biol 
Chem 1920, 44 499) for separating individual 
amino acids m protein hydrolj sates by extrac | 
tion with butyl alcohol accounted for 91 3% of 
the ammo aci^s separated or else estimated from 
van Slyko s data (ibid 19U 9 185) This is 
equivalent to about 80% of the molecule 
Atkm (J Soc Leather Trades Chem 1933 
17, 675, 1037 21, 513) has amended the 
percentages of the various ammo acids thus 
accounting for 79 27% of the gelatin molecule, 
g’lycme, prdune and 14 4% 

lij droxy prolme are the mam constituents 
Tryptophane is absent but histidine, tyrosine 
and cystine are present in small amounts The 
pirt unaccounted for corresponds to mono 
ammo acids only and its average residue weight 
IS 123 The whole number of molecules of 
amino acids is 3C0 in a molecular weight of 
34,600, which is in harmony with the average 
dimensions ns deduced from X ray analyses 
Astbuiy and Atkin Nature, 1933, 132 348) 

The properties of gelatin solutions are greatly 
influenced bj their pu value The solubility 
and degree of dispersion in solution increases 
rapidh on either side of 4 7 On the acid 
suie, the curve of combined acid rises regularly 
viith decreasing up to a level region at about 
Ph 2 The curve of combined alLali rises 
rapidlv with increasing Ph until nearly L 
then gets less steep, but rises again at higher p^ 
values Neutral salts cause increased fixation 
of acid and alkali On deamination there is a 
fall in the acid binding ivower ami in the 
swelling 

Gelatm u eompletcK precipitated by Inlf 


saturation with ammomum, zinc or magnesium 
sulphates, sodium chloride m the presence of a 
httle acid, trichloroacetic acid and phospho 
tungstic acid A saturated solution of picnc 
acid completely precipitates gelatin at 8®C On 
the other hand it fails to give the glyoxyhc, 
Millon and sulphur tests (in spite of the presence 
of sulphur) and produces only a slight xantho 
protcic reaction It is not precipitated by 
normal lead acetate or ferrocyamc acid Thus it 
19 not a typical protein and resembles the 
albumoscs 

Gelatin is precipitated by tannin m acid solu 
tion, provided that it is not present in excess, 
forming a compound of variable composition 
which 13 not capable of employment as a leather 
on account of its laclc of structure It is also 
“ tanned * by salts such as alum, chrome alum, 
basic chromic and iron salts, which dimmish the 
solubility and raise the melting point of the 
jeUies Bichromatcd gelatin which becomes 
insoluble and does not absorb water after ex 
posure to Lgbt, is used in carbon printmg, photo 
lithography, other photo mechamcal processes 
and m cement making Gelatm also combines 
with silver in alkabne solution to form gelatin 
Sliver compounds, which blacken on standing m 
the Lght Gold chloride, platmic sulphate, 
stannous chlonde and mercuric chlonde also 
precipitate gelatm Moist gelatin combines 
with 15 4% of chlorine (reckoned on the air diy 
basis) yielding an extremely stable insoluble 
compound Cross, Bevan and Bnggs (J Soc 
Chem 2nd 1008, 27, 263) adapted this reaction 
to the estimation of gelatin in tub sized papers 
Traces of formaldehyde increase the tenacity 
and fleiibility of gelatin, but even small quanti 
ties render it insoluble, producing a hard, elastic, 
impenshable product winch is almost unaffected 
by water Gelatm is used as a surgical dressing 
and as a disintegrator for medicinal tablets 

The hydrolysis of gelatin is a very important 
matter because its properties are determined 
by the extent to which this takes place Pro 
teoses (gelatoses, albumoses) peptones, simple 
polypeptides (kyrines) and ammo acids are 
formed and may all be present together Alkahs 
have a more powerful action than acids cold 
bme water dissolves gelatin in a day or two and 
it 19 not precipitated on ncutraUsation On 
prolongedheatingwithconccntratedhydrochloric 
or25%8ulphuncacid gelatm is completely con 
verted into ammo acids Enzyme hydrolysis 
19 much affected by conditions of temperature, 
reaction, dilution, etc Partial hydrolysis with 
pepsin in acid solution and trypsin m alkaline 
solution gives well defined peptones The latter 
on further hydrolysis yield a tn peptide 
(kjTine) and then nrgmine Ijsine and glutamic 
acid 

The following are useful tests for determining 
the extent of hydrolysis and the quality of com 
mcrcial gelatms (1) Gelatm is regarded as 
being insoluble in half saturated solutions of the 
sulphates of ammonium, zme and magnesium, 
the proteoses as insoluble m saturated solutions 
whilst peptones and ammo acids are soluble in 
all concentrations of these salts (2) The fact 
that a mixture of saturated picric acid solution 
with 4 parts alcohol precipitates other proteins. 
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but not gelatin, has been'applied to a method of 
estimating gelatin in presence of other proteins 
(Berrar. Biochem. Z. 1912, 47. 189). (3) The 
amount precipitated bv alcohol is often taken 
as an index of its qualitv. 2.3 c.c. of 10^^ 
gelatin solution is treated u-ith 7-5 c.c. of absolute 
alcohol. The coagulum is u-ashed Tvith rlilute 
alcohol, cold water, dried and weighed. A good 
gelatin maj' give 9S% whilst glues may give 
no more than 60%. The effects of sodium 
and ;^tassium chlorides in increasing this are 
additive, but the following salt pairs are 
antagonistic: NaCI-bCaCU; NaCI— MgCh; 
CaCUa- MgClj. (4) H. Stadlinger (Chem.- 
Ztg. 1936, 60, 305) measures the degree of 
hydrolysis by 100 where .Y, is the 

nitrogen content of 25^ c.c. of a 2% solution of 
the gelatin or glue in a sodium acetate-acetic 
acid buffer of pjj 4-7 and Y, is the nitrogen 
content of the portion precipitated from 50 c.c. 
of the gelatin or glue sohition by a mixture of 
magnesium sulphate and sulphuric acid. (5) The 
most accurate control of the amount of degraded 
protein present is probably obtained by bringing 
the gelatin solution to S-3 (the faintest pink 
to phenolphthalein) and then adding an excess 
of neutral formaldehyde. The solution is then 
titrated with Y/10 NaOH, and for a given 
volume of gelatin solution the ratio c.e. 
A’/IO NaOH/mg. total nitrogen by Kjeldahl ’’ 
is a minimum when the gelatin is in its purest 
form. As the long polypeptide chains are broken 
by degradation, the formaldehyde titration in- 
creases (TT. R. Atkin and F. C. Thompson. 
“ Procter’s Leather Chemists' Pocket Boob.” 
London, 1937). j 

The chief characteristic of gelatin is its power 
of forming heat-reversible gels. When placed 
in water below 20'C.. the better varieties do not 
dissolve but swell up by imbibing 3-10 times 
their weight of water. The presence of acids, 
alkalies or salts greatly influences the amount 
of this swelling. At the isoelectric point, the 
water is present partly as loosely bound water 
removable by presstue. freezing or evaporation 
and partlv as firmly bound water removable 
only under conditions which damage the gelatin. 
This imbibition is accompanied by an evolution 
of heat and a contraction in total volume. The 
transparent jelly melts at 24-4-5°C. according to 
quality, and the solution so obtained sets again 
to a jelly on cooling to lO'C. ifthe concentration 
is above* 1% or 0-5% if the jelly is highly purified. 
The best gelatins set rapidly. Prolonged or 
repeated heating reduces and finally destroys 
this property on which the value of- gelatin 
principally depends, so gelatin jelh'es should 
always be prepared by first swelling the gelatin, 
then* pouring off the remaining water, adding 
further water as required, melting by warming 
to a temperat-ure not above oO'C. and slowly 
cooling. A solution heated to above 70'C. 
coaeulates and never returns to its original state. 
In the case of highly purified gelatin, the 10% 
gels are clear and stable: from 10 to 2% the 
gels are turbid, -with a turbidity increasing with 
diminishing concentration, but are stable at 
least up to 2 days. Below 2% the gelatin 
shrinks to a white clot which falls to the bottom 
of the vessel leaving clear fluid above (Jordan- 


Lloyd, Biochem. .J. 1922. 16, 530). Small 
quantities of electrolytes prevent this synseresis. 

Aeutral salts exert a lyo trope effect and may 
favour swelling (iodides, nitrates) or hinder it 
(sulphates), but in all cases they dimini sh the 
rigidity of the jeUy framework. The peptising 
effects of salts varj-. In the case of a 3% solu- 
tion of gelatin containing 33% of the foUorr-ing 
.salts (or saturated in the case of ammonium 
chloride and potassium nitrate), wuth potassium 
chloride, rapid .netting of the solution takes place 
on cooling : with ammonium chloride or mag- 
nesium chloride, delayed setting ; -with zinc- 
chloride, potassium nitrate, ammonium nitrate 
or potassium thiocyanate, no setting. If the 
salts are removed by dialysis, the sols set to 
gels. If the salts are restored to the system it 
again becomes liquid (Briggs and Hieber, J. 
Physical Chem. 1920, 24. 7ij. 

ilinimum swelling is obtained at the iso- 
electric point, but it is much greater in dilute 
acid and alkaline solutions. In the former it is 
influenced by the nature of the acid as weU as 
the H' concentration. With increase of con- 
centration at IS'C., it rises to a maximum at 
Pg 2-7 and then falls. Increase of the tempera- 
ture increases the swelling, but the positions of 
the maxima and minima on the pg scale are 
affected. The alkaline curve has a broadly 
defined step at pg 7-S and a maximum at pg 10. 
Yentral salts depress acid and alkaline swelling 
at low concentrations, the effect being a func- 
tion of the valencies of the anions and cations, 
lonisable gelatin salts are formed and the 
presence of a coUoidaJ gelatin ion produces a 
membrane equilibrium at the gel- water interface, 
resulting in an excess of diffusible ions in the gel. 
Thus there is excess of osmotic pressure in the 
gel causing swelling which is balanced by its 
coherence. From experimental values for the 
volume of the jelly and the external acid con- 
centration, the concentrations of internal acid 
and ionised gelatin salt can be calculated. 
Xeutral salts repress acid and alkaline swelling 
(Procter, KoUoid-Beih. 1911, 2. 243; J.C.S. 
1914, 105, 313 ; Procter and Wilson, ibid. 1916, 
109. 307 ; Jordan-Llovd and Pleass, Biochem. J. 
192'7. 21, 1352). 

The structure of gelatin jellies has been much 
discussed. Zsigmondy showed that Od-0-2% 
solutions are heterogeneous after 2 days stand- 
ing and thus possess a cellular, sponge-like 
structure, but a solution prepared at the boiling- 
point shows a homogeneous !light-cone in the 
Siedentopf-Zsigmondy ultramicroscope. Gelatin 
sols give a very diffuse X-ray diagram (Gem- 
gross and Katz, Kolloid-Z. 1926. 39. 181 ; Katz 
and Gemzross, ibid. 1926, 40. .332 ; Gemgross, 
Herrmann and Linderaann, ibid. 1932, 60, 276) 
and are thus solutions of large molecides. Gelatin 
sels show an X-ray diagram of the “ powder ’’ 
ti-pe very similar to that given by collagen 
fibres. Setting to a jelly thus occurs when the 
scattered molecules come together to form a 
similar structure. The mechanical and optical 
properties belong to the soh'd fiumework whilst 
crvst?,Iloids (sodium chloride, copper sulphate) 
diffusing into the gel travel in the interstitial 
fluid phase. The rate of diffusion i' very h'ttle 
less than that through water but is reduced hi- 
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increasing the viscositj of the jell^ by means of 
glycerin It is the same in undeformed and 
permanently mechanically deformed gels laese 
gang rings are formed when potassium chromate 
diffuses into a gelatin gel containing silver 
nitrate Gelatin jeUies are liquefied bv some 
tjpes of bictena mth decomposition into 
peptones 

The viscosity of gelatin solutions is very high, 
but depends upon their previous treatment and 
history, and is veiy vanahle with shght vana 
tions m time, concentration and pg The 
Mscosity of solutions greater than 1% increases 
at a greater rate than the concentration and u 
dependent on the rate of shear The viscosity 
of a solution made by heating gelatin in water, 
when it dissolves entirely as the A form, is 
constant at the isoelectric point but diminishes 
with time at all other reactions On standing 
below 35® gelatin B develops and the viscosity 
rises especially at the isoelectric point The 
increase of viscosity with time is probably due 
to the formation of a fine molecular structure — 
a system of catenary threads (Bogue. J Amcr 
Chem 90C 1922,44,1313,1343) With 0 5% 
gelatin, both viscosity and elasticity show 
minima at the i«oeIectnc point V'iscosity 
shows mavima at 2 7 and 7 2 , elasticity at 
3 5 and 3 5 Added salts reduce viscosity, the 
effect depending on the valency of the oppositely 
charged ion and on its lyotropic nature 
Emble gelatin is largely used for culinary pur 
poses as a vehicle for other materials Gelatin 
prepared from bones was largely used by the 
soldiers and poor of France dunng the first 
Bevolution, but the idea that its high propor 
tioD of nitrogen renders its valuable as a fle«b 
former is erroneous because indisncosahle 
amino acids are entirely missing It is, however, 
of limited value as a heat pr(^ucer instead of 
fat and carbohydrates Taken as a supple 
mentary protein to vegetable proteins, it is 
valuable on account of its high content of lysme 
It 18 readily attacked by pepsin with hydrolysis 
of Its peptide Imkagcs the optimum pg of diges 
tion being about 1 2 Oysfsliine (rypsm 
hydrolyses gelatin more quicUy than cbymo 
trypsin Gelatin is able to function as a pro 
tective colloid in preventipg coagulation of milk 
dunng cbgcstion and, aNo, m improving the 
texture and keeping qualities of icc cream It is 
added to fruit prcscr'C'i, jams, meat extracts, 
cream, etc , to give a fictitious body It does 
not pos'css antigenic properties due to its 
deficiency in tyrosine, tryptophane and cystme 
It is largely’ 'used in bacteriology Pharma 
eeutical uses include surgical dressings such a« 
Court plaster, which is a mixture of gelatin, 
alcohol and glycenn, capsules for medicine, 
and coating pills It is valnable for taking casts 
and impressions for electrotypy, ttc , in dyeing, 
for making inking rollers for printing, and as a 
size for paper making and painting It is used 
in the carbon process of photographic prmting, 
w hieh depends upon the property of potassinm 
dichromate of rendering gelatin insoIuMe when 
exposed to the action of light This property is 
also used III making an insolullc glue or a 
waterproofing malennl, by adding potassium 
dichromate to gelatm or glue just before use 


A large amount of the highest quahty gelatin 
is used for photographic films, plates and 
developmg papers In judging its value for this 
purpose, Sheppard (“ Gelatm in Photography,” 
p 117, Ixindon, 1923) gives the following 
requirements (1) It should gi\e a clear and 
nearly neutral solution (2) The percentage of 
moisture should not be greater than 20% aud 
lower for “ soft ” gelatins (3) The ash should 
not exceed 2% Bases and heavy metals should 
not be present in more than mere traces, as they 
are harmful to photographic emulsions Sul 
phates and chlorides should be low (4) Chon- 
dnn is objectionable as it causes gelhng in hot 
solution, especially when alum is present 
(5) Formaldehyde should be absent A rose 
colour shoidd not be given on heatmg 10 g with 
20 cc water to about 105®C, distilhng with 
steam and adding to the distillate a few drops 
of dilute phenol solution followed by concen 
Irated sulphuric acid (6) Sulphites should bo 
absent (7) The darkening or precipitation on 
mixing a 1-2% solution with ^n equal %oliime of 
10% sdver mtrate (containing ammonia suffi 
cient to redi««olve the precipitate) should be 
according to the user s specification 
In practice it is usual for the consumer to find 
by experience the most smtable gelatin for his 
purpose and check future deliveries m respect of 
those properties which are relevant The 
Bntish Standard Xo 757 — ^1937, Methods for 
Testing Gelatines (Bntish Standards Institution) 
may be used The physical tests include 
(I) Jelly strength, (2) 'l^iscosity, (3) Melting 
point, (4) Foam, (6) Water absorption, (6) Solu 
biLty of partially swollen sheet, (7) Ixeepiiig 
quahty (8) Colour of jeDy and of solution, and 
(9) Clanty, but the first three are usually taken 
as an index of the grade The ndAesite alrength 
IS sometimes inferred from the jelly strength, 
\iscositT, melting point and tensile strength, the 
last 13 influenced by electrolytes, the effects 
being in direct relationship to the lytropic series , 
It is reduced by salts with a strongly hydrated 
anion (Pavlov and Engehtem, KoUoid Shum 
1936, 2. 821 , Jlferckel. fCoffoid Z 1937, 78, il, 
339) The adhesive strength is reduced by pro 
longed heating and increased by sodium fluonde, 
sugars and substances contaimng OH groups 
The rate o/ solution of parttallj/ szcolkn gelatin 
in a restricted amount of water vanes and the 
following test may be used to discnminate 
between different samples 20 g of the sample, 
crushed to pass a A in mesh sieve, is added all 
at once to 20 c c of water at 27®C in a small 
basin It 13 stirred continuously until all the 
water has been absorbed and left for 24 hours 
at 18-20®C in a closed vessel containing water 
to give a rclatn o humidity of 93-100% It is 
then added to 590 c c water at C0®C in a beaker, 
stirred gently for 4 minutes at G0°C , and poured 
through a 299 mesh sieve The residue is 
nnsed with cold water, transferred to a weighed 
stainless steel <Ii«h and dned at I05°C to con 
Btant weight Tins is dnided fay 0 85 to bnng 
to a gelatin basis and multiplied by 5 The 
result IS expressed as per cent insolublarcsidue 
of sheet gcljtin swollen at 1 1 The Cf>Iour is 
evpns'e<l in I,o\il>ond units for a 6 C6% av/w 
gel in a 2 in LoMbond cell, after keeping for 
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for the preparation of photographic eanibiona, i 
which require a maximum of tenacitj . Chondrm I 
IS precipitated from aqueous solution by acetic | 
acid and is not soluble in excess Lead acetate. I 
alum, and the sulphates of iron, alumimum and | 
copper also precipitate chondrm A rough test 
for detectuig the presence of chondrm m photo 
graphic gelatin consists in adding a conceii 
trated solution of chrome alum to a 10^(, solu 
tion of the gelatin in liot water If an iiijnnous 
amount of chondrm be present the gelatm will 
set whilst liot Host photographic gidatins, 
however, contain but httle chondnii 

Isinglass — ^This valuable product usually 
contains from 80 to 93% of geKtin It is 
obtained by drying the swimming bladders of 
various fish, of which the sturgeon of the Volga 
fields the best quaht}, but Brazilian (sometimes 
Lnown as Cayenne), Penang, Indian and Hud 
son’s Bay varieties are also on the market It 
arrives in this country either as the unopened 
bladders, known as lump, pipe or purse isinglass, 
or as the cut and opened bladders, know ii as leaf 
and honey comb isinglass Long or short staple, 
book and ribbon isinglass are respectively 
twisted, folded in packages and rolled out The 
bladders of cod, hake and other fish are also 
employed 

In preparing Russian isinglass the bladders 
are first cleansed from blood in hot water, cut 
open, washed and exposed to the air with the 
dohcatosilvery inner membrane turned upwards 
This membrane is stripped off, kneaded in damp 
cloths and dned Before solution in water the 
crude isinglass is moistened, cut into strips, 
rolled out into ribbons and dned iviien diy 
they arc shredded by suitable machines 

Although free from chondnn, isinglass is not 
available for photographic purposes on account 
of its great solubility and inferior tenacity For 
clvnfving wines, ciders and beers it is,liovrever, 
much superior to gelatin, probably due to its fine, 
net hke structure Coarse Brazdian isinglass is 
usually employed and is “ cut ” or dissolved in 
sulphurous or other acid before use It is also 
used for jelbes and in the preparation of plasters 

Bihjtographj — Lambert,* Glue Gelatine and 
Their Allied Products ” (London, 1905), Bideal, 
“ Glue and Glue Testing ’ (llondon, 1914) , 
Bogue, “ The Chennstty and Technology of 
Gelatin and Glue ’ (New \ork, 1922) , Depart 
ment of Scientific and Industnal Research, 
“ First Report of the Adhesives Research Com 
mittoe— Descriptive BibLognmhy of Gelatin " 
(London, 1922), Procter, “The Pnnciples of 
Leather Hanufacture,” 2nd ed (London, 1922) , 
I/oeb, “ Proteins and the Theory of ^Iloidal 
Behaviour” (New York, 1922), Alexander, 
“ Glue and Gelatin ” (New York, 1923) , 
Sheppard, “ Gelatin in Photography ” (London, 
1923); Gemgross and Goebel, “ lAiim nnd 
Gelatm Fabnkation (Dresden, 1923), ‘Kol 
loidchemie der Eiweisskorper, 2nd cd (Dresden, 
1933); Jordan Lloyd, “Chemistry of the Pro 
terns,” 2nd ed (London. 1938) , Simon, KoUoid 
Z 1938, 84, 101 
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“GEUGNITE" (i \ol IV. 242a) 


GELOSE, dgalactan, (CgHjjOjljj The 
chamctenstic polysaccharide of agar agar (j t ) 
It 19 hydrolysed by acids to galactose. 

GELSEMIUM, ALKALOIDS OF. GeU 
semtne (I), C.qH.jOjNj, a crystalline alkaloid, 
occumng in the rliizome and roots of American 
wild jasmine, Qehemiun sempertirens Ait (Fam 
Logamareai), along with fiemperiirine (II), 
g€Uemi£tnt (III) nnd three rather ill defined 
bases gcl«emmine, gel&emidine and gelsenioidinc 

Extraction (Chou, A 1931, 871, 1172 or Cheni 
2^ntr 1931, II, 2342, 2891) — Roots of American 
Q semperiiTcns aro percolated with cold EtOH, 
the iK;rcoIatc concentrated in vacuum at low 
temperature, the syrupy residue being dissolved 
m dilute HCl and filtered from tarry material 
After standing for 2 weeks, a first crop of cry stal 
hne hydrochloride has separated (fraction I) 
This crop IS then treated with hot H^O wJuch 
leaves behind gclscmtc ncid (needles from CHCij 
ra p 205^, with blue fluorescence in alkaline 
solution, identical with sccypolelin) The aqueous 
solution IS basified and y lelds sempenim (identi 
cal with scmpertarine, see later) The mother 
liquor from the first crystal fraction {see aboic) 
IS abo basified and extracted with CHClj 
The CHClj residue after several recrystal 
hsations yields pure gelseintne (I) The alkahne 
mother liquor from this fraction is neutrahsed 
with HBr m order to free it from the last traces 
of (I) (as insoluble bydrobromide) and the re* 
mainuig solution is evaporated, the residue 
dissolved in H^O again, basified and treated 
with CHCI; when g^emicine (III) is obtamed 
The mother liquors of (III) yield an amorphous 
alkaloid with amorphous salts, which may be 
gelsemimne For extraction of gebeMitnine and 
g<lse»(oi(fine, see Sayre, tlidl Drucg Rev 1911, 
45, 439, or Chem Zenlr 1911, II, 1C50 The 
same author (J Amer Pliarni Assoc 1915, 4, 
CO) has also extracted a base sentpentnne which 
probably is identical with Chou’s sempervino 
(c/ also Hasenfratz, Bull Soc clum 1933, [ivj, 
53. 10S4) 

Gebemine (I) was first isolated from the roots 
of O semperiirens by Moore (JCS 1910, 97, 
2223, 1911, 99, 1231) where earlier Lteraturo 
can be found The root was deleted from the 
B P in 1932, the alkaloid from the U S P in 
1926, so that there la no preparation of geUe 
mium m either Pharmaeopceia 

OeUetnxne (I), [a]” +10® in CHClj (Chou) or 
+ 16 9® (same solvent, Moore) crystalhsea from 
acetone in prisms, m p 178®, which lose 1 mol 
acetone at 120® (I) is readily soluble in EtOH, 

El^O, benzene, CHClj and sLghtly so in 
HjO. The ITydrobrumide, clilonde and nitrate 
are crystalline The methiodide regenerates (I) 
when heated with 20% aqueous KOH solution 
When boiled with concentrated HCl, (I) takes 
np the elements of water yielding apogel 
semme, i^oapoffelsemine and cAIormsoapojrl 
aewiwe (1) contains a hydrovvl group and 
forms with acetic anhydride a l^ic acetyl 
gelsemine (lu p 60-70° from MeOH) or 100° 
Wo)) (Moore) The colourless solution of (I) 
in concentrated HjS 04 is changed to red, then 
violet nnd finally green by addition of a crystal 
of KjCr,Oj 

&empervtrtne (II), CjjHuNj, optically m* 
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th»f finMt p‘*m fjiialify IIIn nji{>iralH»i Mm-iHin 
of an oxy li>(lro;.’fn Tilowjiija jiIkmI iirh' illy, 
the iiinir oxy^fn tali' ol wIjilIi ix at 

fl« Tiji[)<r ina Ui fxinUin ii fim ai< vo JioMin,^ the 
iiliiiiiina powder iixtd in the primiw 7he 
|«rIoili< tapjiin;; on the bI' v< of a MmiUIinmimr, 
actiiiitfd hy an f le« tro t or a mtating 

cam, caiiB<R a Binall coritiniioiiK r«<<I of the 
ahiinina jiowd'r to fall down tin oxy^in Ih1»o 
Ih ;mith the riozzh) of iho hlowpiiB Ik a fin iliy 
Hiipporl terminatni;; in a Minall real of fuBul 
aliinunai the po'iltlnn of whnh ran lx arljuatrii 
hy B( rew inotionn 'J he hhtwpim itor/Ie nn<l the 
Biipport are endoB'd in a liox in onhr to avoid 
Miiddtn rhnngtK In temp* rutim llydrotpn was 
iiBt'ti in the early t x)m nim ntn, hut in the cesn 
mercjal proceBii coal gaK Ib iib' d 'J he llaiiir*, with 
a l< nipcratiire of 1800-lif/W'’, raUKt Ixinmlucin^ 
one with an czc< hh of hydrn{'< n or tarlxm 'i hr 



Verneatl»Llowpl|><i r>,r tli< uilllirinl t rnjiiitl in 
of ra ) y 

rule lartkhn of alimiiria ijutcd tliroii){h the: 
norzte of the hIowjii|H fill on the alumina aup j 
I)ort. and, fiixhiK to;{i tin r, huild uii hy nccrcthm I 
a iMiirKliapid iiiiihk, which coiiunufK to grow' 
Ixitli in lidi’ht anil dlarnater a* the aiipjKirt U 
gradually loei rid 

'nniii' }Mnriihapid inaBicK ("InnihK") of 
iiianufartiiri driihy (“ nihisBd«ntifi<|iie,"** nihia 
iiynth^tli|un ") grow at the rate of alxiut 12 
carntH |m r iioiir, and tlii> may allain a weight 
of ‘JSO faruix (fiOg ) OneojH-rator lan nttmd to 
awholi littt*r> id maihlni'i 'I hi prouMKlunow 
workidiiTiaconiiin n iai hciiIi in I riiixi ,(lf rinany , 
Kh itri rl iti'l and Italy, and tin output miy 
amoiiiil to un imii li ax a ton ail ly 'I ho prin of 
the iiiiciil mntiriil 1 h imeor tuu }» me |h r rarat 
T ho cnriinix fuitiiri of tluxe nmniiiK of fiimd 
alumina h that i ai h oni of the m ix a nlnglo In 
diildiial rrjulal, ami not, ax might Ime lucn 
cxiwitnl, an aggngnte of cryxIaU or ainiply un 


ftliimiiia gJiBx. Although the Bidr-x of tin drop 
am iixiiilly Hinoolh with a glii-xy axjxit, the 
rounded end (tin list lornad and iipjar portion 
In the apparutiJx) ix ronglanid with a fim 
cfyHtalhni ntmilition On noon illy tin ilropx 
bIioiv a rough hexagon il oiithm rorri xfioiidiiig 
tolhr form of a <ry«tal of roriindiim 'J he optic 
axM iiKiialJy coin<id(B with tin luixofthi {xar* 
uhafH d maxx, and a ri r tion ( nt }h rjx ndn id ir to 
thiK cxhihtlx in the p >1 irviUt]H a typn tl tnii ixial 
jtitrrfirriKi hgiiri 'JhoBpgr (I 08-J 0), li irii 
n*NK, didiroixni, nfraitivi indiux, cti , of thix 
urtifiriil lorundum an the Biinc ax for th' 
natural inim r il 'iho iriatr rial fiirtln r fioxBtBBcx 
th« name tninxpircncy, rharinux and rich 
(olount UK rutufal irystaU of the hrxsi gem 
qciihty/ 'Jho only mciriK of dixtinguiNhing 
Ivtwioii the two Ik afforded hy urtnin ininutr 
{mgiilintoK of internal atriictiiri Willi a 
liurid l< iiB or tnidi r the microxi o]h , the arlihci li 
(xiiundiini oftin, though not invurnhly, bIiohh 
mmiitc nnindiiJ caviticB and curved Htreal'H, 
wliilxl in till iJitural KtoiKx tin eavitnx arc 
iitigiil ir and tin xtri akx aio xtraight 
Winn the maUnal Biipplnd to tin Vernnnl 
hlowpi|io comoBtn of pure alumina powdir (pre- 
pircd hy prcupitation willi ammoiua from pun 
ammonium alum), the rryxlallixed product ix 
|xrfiilly eolouricxx am) dear ("white xap 
jihire ”) In Ihf larly l•xJlctlmf ntx, iiowdcreil 
nitiirnl rnliy wax uxid ux iho jnalirial 'ili« 
Inxt iiihy tint ix given hy the addition of 2}% 
ol rlinimii oxnli (homogr rn oiixly nuxid with 
the iiliimiiu hy on cijutatiiig tliu two together 
Irnm a niixid xoliitioii of animnnium alum and 
I lironiiiim alum) hiiialh r proportinnH of eliroinle 
oxide prod UK a hghli r xharlc of n d or pink, und 
Hill h arlifli ml gi mx Imvu in < n r rrorn onxly called 
" Bill ntihc top ir J iiu addition of nlrki 1 oxide 
pnnliiKK a ridi yellow colour Ciilnlt oxliie 
will not prmiiKu a hliio colour with ulifrnina 
alone , hut a hne hlue ix ohtained when Borni 
iimgiiiHia ix priKint (f, I'ariB, Cimipt rend 
IlHlH, 147. «U, A Vc'rncull, itn/ 1010), hut 
MOW the produit, inBteail of hdng corundum, ix 
tim c«\h< and ojitlrally Ixutroplc immrii'l x;anfl 
(MgAlj04 oftm with an cxeexx of AI^O^) 
Atlmiplx to prodinu a hhie (oruinliiin (t c 
Hiipphin) had iiiK'iitiilly falhd until it wax 
ohtained hy A \<rniml {( oiiipt iiinl 1010, 
150, 184) hy tin adilillen of titanic oxid< 
(TIOj, 0 5%) iiinl nnigmlic oxide of iron 
(FCj 04, 1 r»%) Analyxix of lliix artificiil nap 
phlro gave AljOj O') K1-1)') HI®/ . TIO, 0 11- 
«n%. FCjOj traco, Hpgr 1077-101 (A h 
Momk, Amir J hcl 1010,30,271) A ptciilnir 
Btone which han hcin koM ax " Byiitln ticnl 
nloxnndrito," nxliihitH, like the true alexandrite 
(a variety ofciiryBehtryl, BCAI2O4, j v ) agiicn 
colour hy daylight and a red lolour l>y lump 
light, thix ix In riahty artihcMl eoriindiim, and 
the rhniige in io|r>iir may ixi atlnhulid to the 
pn HI mo of < I Hold il i liromic oxide (ax xligg* x(i d 
In tin «a»e of rih xandnte hy 0 Iliiuxir, ’/ 
ungiu (In III 1010, 23, KOI) 

ItcHidix Ixing iuitid nx gunxloinx, thix 
artificial corurnliiiii ix cxtcnxjvily iixcd for 
watch jnwrix und the juvot xiipfwirtx of chctrlc 
IIU Ic rx and othe r mxtninicntx 1 or thix pnri>ex« 
it in more uniform In rharaeti r and more re liuhlo 



513 


GEMS, nilTATroy AXD COTTSTERFEIT. 


tlian tne natoxal minersl {see Collscted Ee- 
searches, E'atioisal PhvHicsal Lab. 1931, 2^ 
Xo. 1). 

Minute crrstals of beiyl were prepared bT 
P. Hautefeuflle and A, Peirey in IS-SS and bv 
H. Tranbe in 1894 ; and more recently besasonal 
prisms up to 2 cm. long and of a go^ emerald- 
green colour iave been prepared by tbe L G. 
Earbenind. A.-G. in Bitteifeld. ThU artiSdal 
emerald bas been given the trade-name 

IgmeraJd,'’ but it has been produced in onlr 
hmited amounts. The process of manufecture 
has not been disclosed ; but as the crystals con- 
tain minute hguid enclosures with bubbles, the 
method is no doubt hydrothermal (M. Jaeger and ; 
H. Espig, Dent. Goldschmiede-Zts. 1935, 38, 
317: H. Espig, Z. Eiist. 1935, 92, 3S7), 

References . — In addition to the papers by 
Temeuil and others quoted above, see J. Boyer, 

La synthfise des pierres precdenses.'’ Paris, 
1909 ; R. Brauns, Cter knnsthche Edelsteine, 
Aus der Xatur, 190S-9, 617 ; 1909, 51 ; J. 
Escard, “ Les Kerres predeuses," Paris. 1911; 
H. Midiel, ‘‘ Die knnstlichen Edelsteine,” Leip- j 
zig, 1926. j 

On the artifidal production of minerals in 
general, see L. Bourgeois, “ Reproduction arti- 
fidelle des mineraus^” Paris, ISSl (EncycL chim. j 
de Eremy) ; P. Tsthirwinsky, Reproduction 
artiSdelle de mmeraux an XTX^ aede,” K ieg 
1903-6; 6. VT 3Iorev.end E Inserson. Econ. 
GeoL 1937, 32, 607;' E. H. Kraus and C. B. 
Slawson, “ Gems and Gem 3Iaterials,” 3rd ed., 
Xew York and London, 1939. 

L. J. S. 

GEMS, IMITATION AND COUNTER. 
FEIT. As pointed out in the preceding artide, 
it is necessary to distinguish between artificial 
(i.e. artificially produced) gems and imitation 
and coimterfeit gems. Otdng to their rarity and 
hish value, gem-stones have been imi tated in 
various hinds of material since very early rimes. 
For instance, although a few of the ancient 
Egyptian scarabs were cut in genuine turquoise, 
the great majority of them were made of a blue 
pottery or faience ; and amongst the Eomans. 
cx)lonr^ ghjg; was used for the imitation of the 
various transparent coloured gem-stones. 

The material most extensively used for the 
manufacture of imitation gems is a heavy lead 
(fiint) glass known as paste or stress. This is 
prepaid by fusing in a cnudble a mistuxe of 
powdered rock-crystal (SiOj. 3S-59^o)> 

{ Pb^O^, 2S-53^o), potassium carbonate { K.CO3, 
8— 11^0), together with a small propormn of 
borax, white arsenic or saltpetre. DiSerent 
redpss vary widely, the amoimt of lead present 
depending on the re&active index of the gem to 
be imitated. A dense flint-glass of sp.gr. 3-51 
(i.e. about tbe same as diamond) has 7:jj=l-6IlS 
and dispersion tiq’ — ni'=0-0315 ; and an extra- 
dense Sint-ghss of sp.gr. 5-001 has r:j,=l-77Sl 
and dispersion re'— ua'= 0-056S (the coot- 
spondins values for diamond being 2-1173 and 
0-0571 respectively). Optic:ai values still higher 
are obtained by replacing the potassium by 
thaflium; the sp.gr. of a thallium-lead glass 
may be as high as 5-6. To obtain the best 
results in the manufacEore of stxass, the materials 
emploved must be quite pure; and the fusion 

Toil T.— 33 


carefully conducted, in order to avoid bnbhies 
and streaks. Imitation diamonds (so-called 

Parisian diamonds,’" etc.) are cut &om the 
colourless paste. To prepare coloured pastes, 
tbe colourless paste is powdered, intimately 
mixed with various metallic oxides or other 
substances, and again fused. A blue colour is 
obtained with cobalt oxide ; green, with cupric 
oxide or chromic oxide; red, with cuprous 
oxide, gold chloride or purple of Cassius; 
yellow, with silver chloride, antimony oxide or 
red antimony, or (in leadless glasses) with coal 
and a little manganese oxide; black, with tin 
oxide, manganese oxide and hammer-slag. An 
opaque white glass, or enamel, is obtamed by 
the addition of tin oxide, calcium phosphate or 
bone-ashes; this may be suitably coloured to 
imitate opaque stones (e-c. turquoise) fay the 
addition of metallic oxides. 

These glasses often aSbrd very clever imita- 
tions of the various precious stones, resembling 
them so closely, indeed, that without examina- 
tion they may be readily mistaken for the 
genrdne article. They are, however, all remark- 
able for their low degree of hardness, less than 
that of ordinary window-glass, and they can be 
readilv scratched with a knife. In course of 


time they display a dark leaden tarnish on them 
surface, and when worn in jewelleiy their edges 
become rubbed and chippeiL When examined 
vrfth a magnifting-Iens, bubbles and streaks are 
often to be seen m them. OpticaDy they ere 
isotropic and lacking in dichroism. 

To avoid the effects of abrasion in wear, and 
also no doubt as a deception in case the test of 
hardness is applied, these soft materials are 
sometimes fac^ with a harder material such as 
rock-crystal or colourless topaz. In the doubki, 
the upper portion, above the girdle, consists of 
this harder, colourless material, while the lo"!ver 
portion, protected in the setting, consists of 
coloured stress which imparts its fine colour and 
brilliancy to the whole. The triplet conrists_ of 
an upper and a lower portion of harder material, 
with a laver of the coloured stress between. 
Such counterfeits can, of course, be r^dily 
detected when the unmounted gem is viewed 
sidewavs. but when it is mounted in its setting 
detection is not so easy. Doublets and triplets 
fere also built up of genuine stones, with the 
object of improving the colour, and of pro- 
ducins a gem of larger size. _ 

Another kind of feud sometimes^ practise-d 
V. T it, precious stones is the substitution of lesj 
-valuable stones for more valuable. Uiffortu- 
natelv, the nomenclature of gems, as adopted 
bv jewellers, offers an opening in this direc- 
tion. Thus stones of a red colour are often 
kno^m coUectivelv as ruby with some qualifying 
prefix: e.<7. spinel-rnby ” (=p>mel), ‘Cape 
J^bv” (='pvTope garnet), ana ' Sibenan ruby 
(= tourmaline), the tree ruby (“ Oriental ruby ’ 
of ieweller=) beinx. of course, corundum; or 
“OrfentaT emerald” {= corundum), 
“"Uralian emerald” (= demantoid game:), 
“hthis-emerald” (= spodumeae) and “ Brom- 
flan emerald” (= tourmaline), the tme pereld 
beimr bervi of a grass-green colour. In the same 
wavrvellow quartz (“Spanish topaz or Occi- 
dental topaz ”) L= often mistaken for and sold as 
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topaz Other deceptive terms of a like nature 
are “ Marmorosch diamonds ’ “ Conush dia 
monds,” “ Bristol diamonds,’ etc , for email 
sparkling crystals -of quartz , and “ Mature 
diamonds ” (from Mature in Ceylon) for aircon 
of a brilliant lustre, which has been decolonsed 
by the apphcation of heat The latter, aa wdl aa 
colourless conmdum { ‘ white sapphire *’), have 
occasionally been passed off as diamonds 
Other attempts have been made to produce 
gems of much the same chemical composition aa 
the genuine stones hor example, green glass 
with the composition of emerald Very anccess 
ful imitations of turquoise have been obtamed 
by Bubmittmg to pressure a precipitate having 
the same composition as the natural mineral 
The artificial colourmg of natural stones is 
also extensively practised Almost all cut 
agates have been so treated (v Aqats) Chalce 
dony can be so cleverly coloured a delicate 
green with salts of nickel or chromium, as to 
be practically indistinguishable from the more 
expensive ct^soprase A pale coloured jasper 
or homstone, quarried at Nunktrchen. near 
Merzig, m Rhine Province, is coloured artifiaally 
by soaking first m a solution of ferrous sulphate 
and afterwards in one of potassium ferro 
cyamde Beads and other small ornaments of 
this material are cut at Oberstem and are 


B<dd in large quantities as “ lapis lazuli ” 
“Swiss lapis or ‘German lapis It is readily 
distinguished from true lapis lazuh by its greater 
hardness, and by the presence of small patches 
of crystalline quartz, which does not take this 
colour, and by the absence of specks of pyrite 
The colour of many gem stones can be changed 
by heatmg or by exposure to the emanations of 
radium A trick of the meanest kmd is to 
smear violet ink or other bluish colouring 
matter on the surface of a yellowish (‘ off 
coloured ’ ) diamond, so giving it the appearance 
of a colourless gem 

Refertnces — ^M Bauer, " Precious Stones, ’ 
English transl byL J Spencer, 1904 , M Bauer, 
“ ^elsteinkunde,” 3rd ed by K Schloss 
macher, Leipzig, 1028-32 , J Escard, “ Les 
Pierres pr6cieuses,’ Paris, 1914 

J L S 

GEMSBOK BEANS The seeds of Bau 
htnta €3culenla, Birch The plant is indigenous 
to South Africa and the seeds are said to be 
eaten both by natives and animals m the 
South West Protectorate of the Union The 
reddish brown beans axe approximately } in m 
diameter and 2 g m weight The hard outer 
husk comprises about half the total weight 
Bray (Analyst, 1921, 46, 401} gives the following 
analysis 



Moisture 

Crude 

ptotems 

Fat 

Carbo 

hydrates 

Fibre 

Ash 

Nutrient 

ratio 

Food 

units 

Husks alone 

8 5 

25 

02 

67 2 

19 8 

1 8 

1271 

74 

Kernels alone 

40 

32 8 

41 6 

172 

1 3 

31 

134 

203 

Whole beans 

62 

180 

21 3 

416 

10 4 

26 

ISO 

140 


The beans yield approximately 14% of a golden 
yellow oil with an agreeable nutty odour and 
flavour, and showing the following character 
istics, nS 1 464, 0 9211, acid value 0 6. 

eapoiuflcation value 190 0, iodine value 95 6, 
nnsaponiffaBre matter (J 8% 

The residual cake after expression of oil has 
the composition, water 6 4, protem 62 2, fat 
7 0. carbohydrates 27 4, flbre 2 1, ash 4 9% 

The seeds are free from alkaloids and cyano 
phono glucosides 

A G Po 

GENESERINE(w Vol II, 199d) 
GENESTROLE{c Vol IV, 189a> 
GENISTEIN [V Vol IV, 189a) 
GENISTIN (t> Vol IV, 189d) 

GENKWAN IN From the flowers of 
jenlnra, Sieb and Zucc , Nakso and Tseng (J 
Fharm Soc Japan, 1932, 53, 83, 148, J 
Shanghai Sci Inst 1933, 1, 1) isolated benzoic 
acid, sitosterol and the flavone derivatives 
apigenin and genkwamn 
Aplgenin, for which Nakao and Tseng give 
mp 352®, also occurs as the glucoside apitn 
{(} V ) tn the leaves stem and seeds of parsl^, 
from which source it was isolated by Perkin 
(J C.S 1897, 71, 80o) and shown to be 6 7,4 
tnhydroi) flavone 

Genkwanin, C|f HjjO(, jellow needles, m p 
286*, contains one methoxyl group and on 


metbylation yields 5 hydroxy 7 4' dimethoxy 
flavone, it is thus an apigenin monomethyl 
ether, but is not identical with acacetin (5 7 
diby^oxy 4' methoxyflavone) When fused 
\ntb potassium hydroxide it gives phloroglucmol 
itod f wfrereas- mtk 

60% potassium hydroxide solution, p hydroxy 
acetophenone and phloroglucmol monometbyl 
ether are produced 

Genkwamn forms a diaeelyl derivative, colour 
less needles mp 106®, and a di&enzoyl compound, 
colourless needles, meltmg at 207-208® 

Nakao and Tseng suggested, therefore, that 
genkwamn is 6 4 dihydroxy 7 methoxyflavone 
(I), and this formula has been confirmed by 



synthesis (Tseng, J Pharm Soc Japan 1935, 
55, 30) Phioracetophenone when heated with 
p benzyloxybenzoic anhydnde and sodium p 
benzyloxylwnzoate, gives a product which on 
acetylation and subsequent hydrolysis furnishes 
5 7 dihydroxy 4 benzyloiyflavone This com 
pound 13 converted by metbjlation mto 6 
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having become hydrolysed into Isevulose and a 
new hexabiose, gentiobiose, which, by more 
vigorous treatment, can be hydrolsraM into 
2 mol of glucose For derivatives, eet Hudson 
and Johnson, J Amer Chem Soc 1917, 39 
1272 For the detection of gentian bitt^ m 
beer, see Dragendorff (Chem Zentr 1881, 285, 
299), Allen (Analyst, 1887, 12. 107, 1888, 
13, 43) 

Other species of gentian which are claimed to 
have similar activity are O purpurea, Q punctata, 
Q pannomca, Q aselepxadea Q crue^ata In 
India, Azadirach (Neem bark), the dned stem 
bark of Melia azadtrackta Linn is usually cm 
ployed as an equivalent of gentian 
The constituents of gentian are stated to 
undergo seasonal variation (Bridel, J Pharm 
Chim 1911, [vii], 3, 294) Gentiopicnn, 2% 
slightly mcreased m June and July , gentianose 
3-5%, maximum in September, m Slay and June 
it IS replaced by gentiobiose 

A D P 

GENTIANIN , an anthocyamn isolated Orom 
the petab of the common blue gentian {Oenttana 
acauhs) The pigment is extracted from the 
petab by means of methyl alcoholic HCI pre 
cipitated as the lead salt and purified through the 
picrate The chlortde, C 3 oH|,Oj 4 CI, di^lves 
in methyl alcohol containing a few drops of 
HCI wito a bluish red colour (rather bluer than 
delphimdm, q v ) which becotnes blue on adding 
either aqueous sodium carbonate or sodinm 
hydroxide Feme chloride added to an aqueous 
solution of the chloride gives a blue colour, but m 
alcohoho solution the colour is violet blue 
Hydrolysis by means of cold 2N NaOHaffords 
p hydroxy cumamic acid (1 mol) whQst 
hydrolysis with boiling 20% HCI gives del 
pninidin (1 mol ) and glucose <1 mol ) 
Gentiamn is thus a p hydroxycinnamoyl 
delphmidin mouoglucoside (Karrer and Widmer, 
Helv Chim Acta, 1927, 10 67) 

W B 

GENTIANOSE (v Vol 11. 301c) 
GENT10BI0SE{v Vol n.2996) 
GENTISIC ACID (this Vol p 63a) 
GENTISIN, the colouring matter of gentian 
root, was first isolated by Henry and Caventon 
(J Pharm Chim 1821, 178), and was shown to 
possess the formula C^.HigOg by Baumert 
(Annalen, 1847, 62, 106) tAio prepared it by ex 
tractmg the washed root with alcohol and con 
centratmg the extract The residue was 
washed with water to remove the bitter principle, 
then with ether to extract plant wax, and tbe 
crude colouring matter repeatedly crystalhsed 
from alcohol (yield about 4 g from 10 kg of 
the root) Gentisin crystalhses m yellow needles 
which darken at about 200° and sublime with 
decomposition between 300° and 340° It is 
sparingly soluble in alcohol and dissolves in 
alkaline solutions with a yellow colour 
Illasiwetz and Habcrmann (ibid 1876, 175, 
63, 1876,180 343) found that gentism contains 
two hydroxyl groups, and when fused with 
potassium hjdroxide yields pblorogluanol and 
gentisio acid {2 5 dihydroxybenzoic and) 
Gentlseln. When gentism is digested with 
boiling hydnodic acid, it is converted into 
gentisem with evolution of 1 mol of methyl 


iodide Gentisem forms straw yellow needles 
melting at 316° (von Kostanecki, Monatsh 1891, 

12 205 Shmoda, J C S 1927, 1983, gives m p 
318° after darkening at 310°) It gives with 
sodium amalgam a blood red coloration, whereas 
gentism by a similar method yields a deep 
green liquid With acetic anhydride, gentisem 
yields a tnaeetyl denvative, needles, m p 226° 
(von Kostanecki, Ic), and on methylation with 
methyl iodide, a dimethyl ether, yellow needles, 
mp 167°, is produced (von Kostanecki and 
Schmidt, Monatsh 1891,12,318) 

von Kostanecki and TamW(ibid 1894,15, 1) 
synthesised gentisem by distiUing a mixture of 
phloroglucmol and 2 6 dihydroxybenzoic acid 
with acetic anhydride, and thus proved it to be 

13 7 tnhydroxyxanthone 



Partial methylation converts gentisein into 
gentism, and it is thus certain that tbe latter 
IS gentisem monomethyl ether From the be 
haviour of btsbemeneazogentmn, scarlet needles, 
m p 251-252°, which gives the diacetyl deriva 
tive, orange red needles, m p 218-220% Perkm 
(JCS 1898, 73 672) concluded that gentism 
possesses tbe constitution (I) As gentism yields 



only a monomethyl ether with methyl iodide, 
the ongmal methoxyl group cannot be m the 
I position, I e adjacent to the carbonyl group 
On the other hand if gentism is represented by 
formula (II), the azobenzene groups would 
enter the positions 4 and 2, and from such a 
compound an acetyl derivative cannot be ob 
tamed (c/ bisbenzeneazophloroglucinol) Again, 
Shmoda (1 c ) synthesised 1 3 dihydroxy 7 
methoxyxanthone (H) and found it to bo quite 
diBerent from gentism, thus confirming Perkm s 
view that gentism is 1 7 djhydroxy 3 methoxy 
xanthone (I) 

Nakaoki (J Pharm Soc Japan, 1927, No 640, 
27) states that gentism is present m the Japanese 
drag * To Yaku ” (from Su-erita japonica 
Makino), but since the meltmg point is given as 
267°, this IS doubtful 
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ketone and alcohol ate nuxturea of the w 
propenyl and tsopropylidene forma 

(1) H.C CMe CH. CH, CH, COMe 
* I VI 

H,C CMe CH, CH, CH, CHMe OH 
VII 

(II) -> Me,C CH CH, CH, COMe 

Me,C CH CH^j CH, CHMe OH 

(GiJgnard and Doeuvre, 2 c ) 

Stereoisomenc with geraniol is the alcdboh 
ntrol, the trans modification, which is a mixture 
of (^II) and (15) This alcohol occurs in 

H,C CMe CH, CH, CH, CMe 

HO H,C 1h 

Vin 

Me,C CH CH, CH, CMe 

HO H,C 4h 
IX 

neiolt, petitgrain, bergamot and a numtier of 
other essential oils Nerol was first isolated by 
Hesse and Zeitschel (J pr Chem 1903, fuj 66 
602)i hut the pnie alcohol was first prepaid by 
von Soden and Treff (Ber 1904,37,1094, 1906, 
39, 006} by the hydrolysis of its ciystaUine 
diphenyiurelhaM, m p 82-63* The alcohol 
has b p 225-226®, o‘* 0 8S13, and yields a 
crystalline Ulrabromtde m p 116-118* On 
oxidation nerol gives citral 8 from which it can 
be prepared by reduction, it is more readily 
cycuseu than geraniol but otherwise it has 
properties identical with those of this alcohol 

GERANIOL (use IQ perfumes) This body, 
so largely employed in perfumery, is usually 
classed with synthetic perfumes, although the 
commercial article is mvanably a natural isolate 
It was first separated from I’almarosa oil 
(Cymbopogon tnarltnt vat motia] by Jacobsen 
(Annalen, 1871, 157, 234), and has also been 
found in numerous other essential oils, notably 
in geramum, rose and citronella oils As a com 
mercial article gersmol occurs in vanous 
quahties which are of very different perfume 


and money values The difference depends not 
on the ateolute amount of true geraniol, but 
on the traces of impurities, which vary with the 
particular source from which the oil has been 
isolated 

The alcohol nerol, which occurs in the essential 
oils of neroh, petitgrain, bergamot and others, 
IS isomeric with geraniol, it has a finer odour than 
gersmol and is more highly prized in the perfume 
mdustiy 

Geramol and its esters are used to a veiy con 
siderahle extent in the manufacture of artificial 
Otto of Bose, and m many perfumes where a rose 
note is required either as predominant in the 
perfume, or as a subsidiary modifier The 
principal esters are the following 


Ester 

B eaters | 

Sp gr ^ 
at 15 5“ 

Eef 
index 
at 20* 

Geranyl formate 

113®/15 mm 

0 924 

14646 

Geranyl acetate 

244* 

0 914 1 

14625 

Geranyl propionate 


0 905' 

1 4600 

Geranyl butyrate | 

— 

0-902 1 

1-4585 

Geranyl valerate j 


0892 1 

J-4540 


The above Bgaiea are oecessanly approximate, 
as commercial samples vary slightly from the 
pure esters which are not manufactured on a 
practical scale 

Qerany) Methyl Ether, Ci[,H,fOMe, is 
a colourless oil prepared artificially, having a 
fruity odour recalhng that of bergamot It has 
sp gr 0 889-0 8D0 at 16 6'* , is optically inactive, 
and boils at 208-212* 

E J P 

GERAN10LENE The hydrocarbon, ger 
amount, C,H,, hp 142-143®, d” 0 767,ni, 
W368, was prepared originally by Tiemann and 
Seminlcr(Ber 1893.26 2724} by the distillation 
I of geranic acid (I) It was subsequently pre 
pared (o) from hydioxydibydrogeranic acid (II) 
(Tiemann, »6id 1900, 33, 365), (6) by the de 
hydration of the alcohol (III) obtained by the 
action of methyl magnesium iodide on methyl 
beptesone (Gngnard, This© de Doctorat, 1901, 
81), (c) by the elmunation of hydrogen bromide 
from 2 6 dibromo 2 6 dimethylheptane (IV) 
(Harries and Weil, Ber 1904, 37, 846) 


(I) Me,CCH CH,CH,CMeCHCO,H — 

(II> Me,C CH CH, CH, CMe(OH) CH, CO,H>^ 

(in) Me,CCHCH,CH,CMe,(OH) 

'^V) Me,CBrCH,CH,CH,CMe,Br 


Me,C CH CH, CH, CMe CH, (Vo) 
Me,C CH CH, CH CMe, (V6) 

H,C CMe CH, CH, CH, CMe CH, (Ve) 
H,C CMe CH, CH, CH CMe, (Vd) 


i»lne hydrocarbon prepared by these vanous 
methods is not homogeneous (Auwers and 
Eisenlohr, J pr Chem 1910, [u] 82 76. 
Anwers and MoosbrOgger, Annalen, 1912, 387, 
183), but IS a mixture of the isomendes (Vo) 
(V6) (Vc) and (Vd), ihe actual percentage of 
each isomer present being dependent upon the 
method of preparation used On treatment 


with sulphuric acid geramolene yields cyclo 
geramofenc, b p 138-139®, d«0 8072, I 44731 
(Tiemann and Semmler, Ber 1893, 26, 2724) 
The investigations of Tiemann (i6»d IDOO, S3 
3711), Wallach and Franke (Annalen, 1902, 
324, 114), Hames and Weil (Ber 1991, 87, 848), 
Ooraley and Gilhng (JCS 1910, 97, 2218} and 
of Esconrrod (BnU Soc chim 1926, (iv] 39, 
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1460; 1928, [iv], 43. 1277) have shoivn cydo- 
geraniolene t o be a mixt ure o f the a-, P- and y- 
fonns (VI), (YU) and (V 111). The a-form has 
been characterised by a crystalline niirosale, 
m.p. 102-104°, and a nitrosochJoride, m.n. 100- 
120°. ^ 

Me,C 

‘I ! ■ 

^CWle 
CH 

n. 

Me,C 

*1 I “ 

HXv^ /C:CHj 
CH, 

Tm. 

J. L. S. 

GERANIUM (artificial). For cheap per- 
fumery, ■where a very delicate odour is not 
required, there are two synthetic products which 
satisfactorily reproduce the odour of geranium. 
These are diphenyl oxide, Ph,0, white crystals, 
m.p. 28°, and diphenylmethane, Ph,CH,, 
colourless crvstals, m.p. 26°, b.p. 260-261°, anS 
1 - 000 . 

E J P 

GERANIUM, ESSENTIAL OIL OF 
(Oil of Eose-Geranium). This oil is obtained by 
diltillation from the leaves of various species of 
Pelargonium (Fam. Geraniaceae) of which more 
than 160 species are known. These plants are 
natives of the dry rocky slopes of South Africa, 
but they are cultivated in Southern Europe, 
Northern Africa, Eeunion and in other parts of 
the world. The odours of the various species 
differ considerably, but the majority have a 
strong rose odour on which the value of the oil 
depends. Three types of oil are found in com- 
merce, French, Algerian and Bourbon, the 
market value of which depends largely on the 
crops although the French oil usually demands 
the highest price. Spanish oil of good qualify 
is sometimes marketed. 

Constituents . — The main constituents are 
geraniol and citronellol and their acetic, I’so- 
butyric, isovaleric and tiglic esters. Other con- 
stituents are a-terpineol," benzylcarbinol, men- 
thol, menthone, hnalool, pheUandrene and traces 
of dimethyl sulphide. The mixed alcohols are 
kno'wn as rhodinol or reiiniol. 
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The proportion of citronellol is variable and 
attempts have been made to value the oil on 
the basis of this constituent. Various methods 
have been suggested and the formylarion method 
proposed by Glichitch (Compt. rend. 1923, 177, 
268) has been foimd the most satisfactory. 

C T B 

GERANIUM OIL, TURKISH OR 
INDIAN. A synonym for Palmarosa oil. 

" German Alloy ” (t-. Vol. I, 253a). 

GERMAN SESAME OIL (v. Vol. n 
237fl). 

^GERMAN SILVER. An alloy of nickel 
■with copper and zinc which is not readily cor- 
roded and may be worked in a variety of ways. 
Such alloys contain usually 55-60% of copper, 
20-30% of zinc, and 15-20% of nickel, but 
lower grades may contain only 5-7% of the last 
metal. 

GERMAN ITE. One of the very few 
minerals containing germanium as an essential 
constituent, and noteworthy also in containing 
an appreciable amount of gallium. It has been 
found only in one part of the Tsumeb mine in 
South-TTest Africa, but there in some quantity, 
being first noticed by H. Schneiderhohn in 1916, 
and described and named by 0. Pnfahl in 1922. 
It occurs in the massive sulphide ore intimately 
intermixed ■with tennantite, enargite, P 3 nite, 
chalcosine, borm'te, galena, and zinc-blende. 
Locally it has been fcno^wn as “ rose ore ” 
because of its reddish-violet colour, which 
tarnishes on exposure to air. It has a dull 
metalh'c lustre, and gives a black streak. There 
is no cleavage; hardness 24-3; sp.gr. 4-29. 
Polished sections in reflected polarised light 
show the mineral to be very fine grained and 
optically isotropic, and much veined ■with other 
minerals. X-ray powder photographs show it 
to be cubic -with the same type of structure as 
zinc-blende and tetrahedrite. The rmit cell of 
edge 5-290a is assumed to contain 1 mol. of 
Cu 3 (Fe,Ge)S 4 and the calculated density is 
4-30. Owing to the intimate association -with 
other minerals the few analyses of germanite 
show some variation, and the formula is un- 
certain. E. Thomson (1924) provisionally sug- 
gests 1 6Cu2S-4GeS2-As2S3, and H. Moritz 
(quoted by Schneiderhohn and Eamdohr, 1931), 
from an analysis made on material bored^ out 
under the microscope from poh'shed sections, 
gives 

2Cu2S-(Zn,Fe,Ga)S-(Ge,As)2S3. 

AiiALTses of Gesuaxite. 


McjC 

HX>'''^^CH 
■| II 

HjC.^ /CMe 
CH, 

vn.' 


Characters. 

Sp.gr. 
at 15*5*. 

Optical 

rotation 

Mn- 

Kefractive 

index, 

"i?- 

Esters 
' calculated 
as 

geranyl 
tiglate, 
per cent. 

French . 

0-89S- 

-6° to 

1-465- 

19-28 


0-905 

-10° 

1-46S 


Algerian . ^ 

0 892- 

—6° to 

1-465- 

14-30 


0 901 

lO® 

1-470 


Bourbon . 

08SS- 

-6' to 

1-461- 

21-33 


0-896 

-10’ 

1-466 



All these oils are soluble in 3 vol. of 70% alcohol. 



S. 

Cu. 

Fe. 

Ge. 

As. 

Zn. 

Pb. 

I. 

31-34 

45-40 

7-22 

6-20 

5-03 

2-61 

0-69 

n. 

30-53 

43-80 

6-27 

8-71 

4-12 

2-69 

1-74 

TTT. 

30-65 

45-39 

4-56 

8-70 

4-13 

2-58 

0-66 

IV. 

30-96 

44-01 

5-08 

5-10 

6-83 

2-74 

2-26 

V. 

31-44 

39-44 

10-70 

7-04 

4-86 

3-66 

0-26 


31-27 

42-12 

7-80 

10-19 

1-37 

3-93 

0-96 

I. 

0. PufaM, IMetall u. 

Erz, 

1922, 19, 

324 


also 

SiO, < 

0-75, total 99-24. 


also 

II. 

F. W. 

Elies 

eh ibid. 

1923, 

20, 

257 ; 


Ga 

0-74, Mo 0-03 

, Au,Ag O' 

006, 

Si O 2 


0-20, total 98-836. 
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III F. W. Knesel, Chem Ztg 1924, 48, 961. 
also G a 0 76, Mo I 282, WO3 0 184, TiO, 

0 004, Mn 0 02, Ni 0 001, Co 0 013, Cd 
0 071, CaO 0122, MgO 0 055, Ag.Au 
0 005, C 0 136, SiOj 0 226, total 99649 
tv J Lunt, South African J Sci 1923, 20, 167 1 
(anal J S Thomas), also Ga 0 57, W; 
003, Mo,Au traces, SiOj 184, total' 
99 42 

V E Thomson, Umv Toronto Studies, Geol 

Ser 1924, No 17, p 62 (anal E W 
Todd) , also SiOg 1 68, total 98 98 
VI H Moritz, Neues Jahrb Mm A, 1933, 67, 
118, also Ga 1 85, total 99 49, formula 
CUg(Zn,Fe,Ga), (Ga,As)2Sii-i2 
Other references to germanite are 
J S Thomas and W Pugh, J C S 1924, 125, 
816 Here tjie hardness is given as 4, and 
sp gr 4 69 

W F de Jong. Z Krist 1930, 73, 176 X ray 
ezammation 

H Schneiderhbhn and P Bamdohr, Lehrb d 
Erznukroshopie, Berlin, 1931, 2, p 441 
R Berg and Vf Keil, Z anoig Chem 1932, 209, 
383 Analysis gave Ge 6 8, Ga 0 74% 

F Sebba and W Pugh, JCS 1937, 1371 
Analysis and extraction by a new method gave 
higher gallium, Gal 25%, with GeOj 7 9% 
In addition to argyrodite (7 v ) m which the 
element germanium was discovered by C 
Winkler m 1886, the only other mmeral con 
taming germamum as an essential constituent 
IS one described under the name vUrabiMtle, by 

V Rosick^ and J Stirba Boha (Bozptavy 
Ceske Akad Cl 2, 1916, 25, No 45, Z Kiyat 
Mm 1920, 65, 430] Tbs was detected on two 
small specimens from an old collection of 
minerals, which were labelled as commg lh>m the 
HimmelsfUrat mine at Freiberg, Saxony, the 
same mine that yielded the original argyt^te 
The crystals are orthorhombic with a tetragonal 
habit , streak black, fracture conchoidal, hard 
ness 6, sp gr 6 026 Analysis, S 16 15, Sb 4 60, 
Ag 22 35, Pb 64 16, Cu 0 47, Fe 0 25. Ge 2 20, 
total 100 18, gives the ultrabasic formula 

SbjAg„PbjgGe,Sss 

Germanium has been detected spectro 
scopically m vanous minerals In the tm 
minerals, cassitente (Ge 0005%), stamute, 
cyhndnte, and franckeite In zmo minerals, 
blende,^ smithsomte (GeO, 0 01%), and in the 
evaporated residue of mme water from KentucI^ 
(GeOg 0 29%) In copper mmerals, enargite 
from Mexico (Ge 0 01%), native copper from 
Arizona (Ge 0 001%) In broolute from 
"Moravia, and m feigusonite from Japan In 
vanous sihcates, topaz from Iilanitoba (GeO. 
0 001%), lepidohte, tourmahne, spodumene, ana 
felspars In gem white sapphire from C^Ion 
In meteonc irons (Ge 0 01-0 1%) and meteonc 
stones 

" ^ spectroscopic estimation of Gt S-4% in 

^«>es {W Scntt, 
Phil MaR Ivil] 1 , loOtl.surelvreiiiUresconSnaa 
non* and of C« 1 3*. In PTragyrlte from Colanechaca. 
Bolivia (/ PapUh, Leon- Geol 1828, 23, 680) Is - - 
donot due to the presence of associated argyrodite 


GERMANIUM (At Wt 726; At No 32) 
Thia element, the eka siltcon of JlendeHef, was 
discovered by Winkler ^ m 1886 m argyrodtle 
(g e ), a silver germamum sulphide, 

GeSj,4Ag8S, 

ind in Freiberg m Saxony It is also found 
eanJUldite, AggSnSg, a stanniferous argy 
rodite, and, to the extent of about 1%, m certam 
other Bohvian thiostannates such as cyhndnte 
(qv) franckeite (q v ) and tcolfsbergtte It is also 
a constituent of germanite (q i ) (“ pmk eye ’’) a 
dark reddish grey mmeral found m South 
West Africa and which is mainly a copper arsemc 
glance contaimng 4-10% of germamum Zme 
blendes, especially those of North Amenca, often 
contam this element which is widely distributed 
in nature, traces bemg found m almost all 
magmatic rocks and mmerals as well as meteo 
rites Like certain other metals it is con 
centrated to some extent ux coal and is therefore 
found in coal ash and flue dusts which may con 
tarn up to 1 6% of germamum 

Extraction of the metal is usually accom 
phsbed m one of the followmg ways 
(a) By suitable decomposition of the mmeral, 
piei^ed m some eases by roastmg to remove 
part of the arsenic and sulphur, followed by 
heating with hydrochlono acid whereby the 
volatile tetracblonde is distilled and collected 
If arsenic is present distillation is performed 
m a current of cblonne which maintains this 
element m its less volatile qumquevalent state 
The germanium tetrachloride is converted to 
the dioxide either through the sulphide or bv 
hydrolysis, the product being reduced with 
hydr^en at 900° The resulting metalho 
powder may be rendered massive by fusing 
under sodium chlondeor, aliematively, the oxide 
may be reduced with charcoal under sodium 
chloride or with potassium cyamde ’ * 

SI U 43 63 83 81 

(fr) By beating the material at 900-1,000° with 
sulphur or with hydrogen sulphide m a reducing 
atmosphere when germonous sulphide subhmes 
and is collected and roasted to the dioxide 
(BP 378017) From germamte GeS may be 
obtained by the action of ammoma alone iss 
PHTSioan Pbopzbtzes —The compact metal 
13 greyish white, bnttle and highly lustrous , 
fused under salt it possesses a crystallme 
structure, the surface consisting of aggregates 
of elongated crystals The lattice is of the 
diamond type and there is no indication of 
allotropic transformations between 20° and 
1.100'’K i» «« It melts at 958 5° , pub 
lished values for the boiling pomt he between 
1,900° and 2,700° Germamum displaces silver 
from silver nitrate solutions while it may be 
deposited elect rolytically on copper from alkabne 
solutions or, together with tin, from alkahne 
oxalate solutions *** Aston ** assigns 8 
isotopes to germamum (^®Ge to ^^Ge) but 
Bambndge states that the 71, 76 and 77 lines 
are due mainly, if not entirely, to hydrides of 
”Ge. ’*Ge and ’*Ge. Other physical proper 
ties are 

Density,” 5 35 , d*® 5 302 
IIardncs«,** 6 25 on Mohs* scale 
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CompressibilitT,*’ 

Kx 10'= — (I3'7S — 6 -Sx10~®j3) 

at 3(y= for pressnres {p) np to 12,000 fcs. per sq. 
cm. 

Critical constants,® Tc=4.170= ; Pc=910 atm. 

Specific ■ (atomic) heats,”- mean values, 
0-100==0 0737(5-33), 0-211'=0-773(5'59}, 0- 

300^=0-076S(5-65), 0^0==0-0757(5-47). 

Parachor,®* [P]=37-4. 

3Iagnetic snsceptibih'ty,® 

;^30=)=-0-llSxlO-®. 

Specific resistance,^^ r=0-0S9 ohm. per cm. at 

0=. 

Spectrum.'*'"®^"®® The most intense lines 
are as foBotrs : 

Arc; 2,417-37, 2,592-54, 2,651-19, 2,651-57, 
3,039 07, 3,269-51, 4,226-60. 

Spark: 2,592-65, 2,651-29, 2,651-69, 2,709-69. 
2,754-65, 3,039-20, 4,179-20, 4,226-76, 

4,656-09. 

For spectral series, see Eao and Xarayan,®® 
Rao,®^ Lang,®® Gartlein®® and Smith.®' 

CHEsncAi. Peoeeexees. — B elonging to the 
fonrth group of the Periodic Table germam'um 
comes betvreen silicon and tin ; it resembles the 
latter in forming tvo series of compounds in i 
■;vhich it is r^pectively hi- and qnadri-valent 
vhile its relationship to silicon is seen in the 
hydrides and hahdes, in the formation of glasses 
resembling fused quartz and the crovn and flint 
glasses and in the high melting and bofling- 
points of the metaL Germanium is a com- 
paratively stable element unaSected by moist 
or dry air np to 600® although above this tem- 
perature oxidation begins. It is not attacked 
by hydrogen up to 1,000®, and. in the massive 
form, is not affected by halogens at room tem- 
peratures ; the finely divid^ metal bums in 
chlorine and bromine. Hydrogen peroxide 
douiy oxidises it, the reaction being fairly rapid 
at 90®. Germanium is oiJy slouly acted upon 
by mineral adds, hot or cold, although aqua 
regia readily dissolves it. Heated in hydrogen 
chloride it forms germanochloroform. Sulphur 
vapour attacks heated germanium yielding the 
monosulphide, but hydrogen sulphide has little 
effect belorr its dissodation temperature ; -uith 
sulphur dioxide above 500® there is produced a 
mixture of dioxide and disulphide. The metal 
readily dissolves in fused alkalis, alkali per- 
oxides, nitrates or carbonates. 

For the analytical chemistry of germanium, 
see Chzhical Asaptsis, TL, 555a, 571a, 595c. 

Allots or Gzehatiuil 

These have received comparatively little study 
and the number of intermefallic compounds 
formed is small. 

Sodium . — By beating equiatomio proportion 
of the elements at 1,000® in the absence of air 
there is formed a hard pyrophoric mass of 
sodium germanide, NaGe, -vrliichis decomposed 
by moist air.®* 

Copper. — Thegermanium-copper system sho-ws 
severi series of mixed crystals and also a com- 
pound, CUgGe; -which forms a eutectic -with 
germanium at 650° and 35 atomic per cent. Ge. 


The aDoys vary in colour -with increasing 
germanium^ content from goIden-yeHo-w to 
gveyish'-white and they are harder but more 
brittle than copper. Aqua regia attacks all the 
nitric scid tiiose containiriff more 
<5% Cu ; they are untouched bv hvdro- 
chlorio acid and only slowlv affected bv boiling 
Eulphnric acid.®®* 

Silver. — 37o stable compounds appear to be 
formed bnt only a solid solution; the alloys 
form a sim ple entectic series the eutectic being 
at 650® and 74 atomic per cent. Ag.®' 
Magnesium. — ^Heated together in hydrogen 
in the correct proportions the metals 'form a 
brittle dark grey magnesium germanide, Mg„Ge, 
which generates germanium hvdrides with 
acids.®®!-“ 

Mercury. — Germanium is but slightly soluble 
in mercury and amalgam formation is onlv 
observable above 250®; the resistivity of the 
amalgams is less than that of mercury at the 
same temperature.®* 

Aluminium. — 3\o compounds and no solid 
solutions are formed although all alloys show 
the presence of a entectic containing 29-5 atomic 
jper cent. Ge, m.p. -424®. Their hardness in- 
! creases -wrth the germanium content and is 
* greater than for the corresponding silicon- 
aluminium alloys.®®® Germanium may replace 
sflicon in aDoys of the duralumin type.®® 

Lead. — ^Neither soDd solutions nor entectic is 
observed, the germanium separating completely 
on cooling the melt.*® The behaviour -with iin 
appears to be simOar.®®® 

Tellurium. — A compound GeTe is formed, 
m.p. 725®, (F® 6-20 which is not readily acted 
on by adds other than aqua regia.®®® 

Uses. — Little use has, as yet, been made 
either of the metal, its aDoys or derivatives. 
Its sulphide has been suggested as a hydro- 
genation catalyst whfle zinc or magnesium ortho- 
germanate has been proposed as a luminescent 
material in the fluorescent screens of cathode- 
ray tubes (B.P. 414905). Some of its derivatives 
may prove useful in ansmia although they 
appear to have Dttle value against experimental 
infections.®*® 

Cojiporms of GEBiiArvUnr. 

With Hydrogen. — Germam'um solutions when 
reduced electroIyticaDy or by means of sodium 
amalgam or aluminium and dDute al k a l i evolve 
a gas with an unpleasant odour and which bums 
■with a bluish-red flame. Passing the gas 
through a heated tube or inserting a cold surfam 
into the flame causes the deposition of a metallic 
film or mirror which is soluble in sodium hypo- 
chlorite.®' ®®' ®*’ ®®' ®®' ®^ On nn analogy with 
arsem’c the gas was presumed to be germ.aniur-, 
hydride [mmogermane, germanomeihane). GeH^, 
and this was confirmed by passing it mto silver 
nitrate solution when a black germanium-sDver 
complex was deposited.®-®® Honogermane is 
also produced by treating zinc or magnesium 
alloys of germanium tritb sulphuric or hyto- 
chloric acids or by the action of anmonium 
bromide in h'quid ammom'a on magnesium ger- 
manide.®®® It boils about -90®, solidifies at 
—165° whfle the molecular weight from the 
vapour density is 76-66 (GeH^=76-63). 
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The gas produced above contains not only 
monogermane but also digennane (gtrvuiMittJuuui), 
GejHj, and trigtrmanz {gtTmanopropant), 
GejHg, these are separated by fractional dia 
tiUation of the liquid obtained by cooling the 
miied gases m liquid air Digennane is a 
colourless liquid, bp 29°, mp —109°, dun 
1 98 Exposed to air it gradually forma a dark 
brown solid , under certain conditions the 
reaction may be so accelerated as to cause 
emission of hght It is insoluble in water 
which, however, slowly attacks it, producing m 
the aqueous layer a white precipitate becoming 
yellow and then brown , with caustic soda 
(33%) a combustible gas is evolved 
Tngermane is also a colourless liquid, b p 
110 5°, mp —105 6°, du« 2 20, it forms a 
white sohd in air but is unaffected by caustic 
soda solution 

Monogermane reacts with sodium m hquid 
ammonia to form sodium Inhydrogermanide, 
NaHjGe, a wMte sohd crystalliamg with 6 mol 
of ammonia which are lost in stages, with 
oxygen the germanide yields sodium meta 
germanate wlule on standmg it readily evolves 
hydrogen leaving sodium germamde, NaQe 
This IS probably the same as the product formed 
by heating the elements mthe absence of air and 
which gives with water a dark brown powder, 
germanium manohydndt, (GeH)*, the latter 
decomposes slowly on drying in the absence of 
air ana readily m its presence 
Acid hydrolysis of calcium germamde 
duces a gtrman\um dihjdndt (GeH})x This 
amorphous, non volatile, yellow sohd reacts 
explosively with oxygen forming water and the 
metal while sodium hydroxide successively re 
places H by OH Bromine oxidises it to the 
tetrabromide but halogen acids produce ger 
manous hahdes together with mono , di and 
tngermane formed by reduction of some of the 
dihydnde by the liberated hydrogen 

Halooew Derivatives or GEBMAimrsi 
Germanous Fluoride, GeF, — Reduction 
of the tetrafluonde with germanium at 100-350° 
yields a white hygroscopic suhhmate stated to 
be the diduonde, for its aqneous solution has 
reducing properties and deposits germanous 
sulphide on acidification and treatment with 
HjS Heated above 350° it reproduces the 
tetrafluonde and germanium ’ ** 

Germanic Fluoride GeF4 — solution of 
germamum dioxide in hydrofluono aad when 
evaporated over sulphunc acid slowly deposits 
white crystals of the tnhydratt, GeF^SH.O, 
which IS readily soluble in, and hydrolysed by, 
water The anhydrous fluonde is a colour 
less fuming gas formmg no bquid phase at 
ordmaiy pressure , in hquid air it condenses to 
a white crystallme solid which subhmes on 
raising the temperature It is best made by 
heating banum germanifluonde at 700°, con 
densing the product in liquid air and frac 
tionating m a vacuum apparatus *• Liquid 
GeF4 IS formed at —15° under its own vaponr 
pressure of 3 032 mm, du, — 2 40, 
d»oU4”^*’* 3 148, the vapour density (6 71 
g per litre at 2I°C and 760 4 mm ) shows the 
absence of pol3rmensed molecules 


Germanic fluonde dissolves in water to a clear 
acad solution which slowly deposits the dioxide , 
addition of potassium hydroxide to the clear 
solution precipitates potassium germanifixumde, 
K]GeF( Germanifluonc acid has not been 
rsoJated bufcmany of thesalts have been made of 
which the alkali and barium ones are sparingly 
soluble and slowly hydrolysed m water 

Germanium Chlorofluondes — The 
ehlorofluortdes, GeCIFj, GeCljFj and GeCI,F 
ate formed when GeCl4 is acted on by antimony 
tnfluonde m the presence of antimony penta 
fluoride as catalyst The first two are gases 
boilmg at —20 3° and -2 8° and sohdifymg at 
—662° and —61 8“ respectively while GeCljF 
13 a liquid with bp 37 5° and m p —49 8° 
They are hydrolysed m moist air more readily 
than germamo chloride and tend to rearrange 
into this substance and the tetrafluonde 

Chlorogermanes — Hydrogen chlonde and 
monogermane react m the presence of anhydrous 
alumimum chlonde to produce monochloro 
monogermans, GeHgCI, and dickloromono 
gtrmans GeHjClj as mobile colourless liquids 
boilmg respectively at 28* and 69 5“ They 
decompose slowly at ordmaty temperatures, 
fume m moist air, and, on hydrolysis, give 
germanous onde, hydrochlone acid and hydro 
gen With absolute alcohol a white precipitate 
18 formed 

Trichloromonogermane (Germane* 
chloroform), GeHCI, —Gently heated ger 
manium reacts ezothenmcally with hydrogen 
chlonde whereby hydrogen ishberated and a con 
deosate produced which, according to Winkler, 
consisted of QeHCIg and the oxychlonde, 
GeOCi), these bemg separated by distillation 
Later work has shown that the tetrachlonde is 
also formed and cannot be removed from the 
GeHCI, by distillation The tnchlorogermane 
IS therefore obtained by the action of hydrogen 
chlonde on germanous chlonde ** , it is a colour 
less liquid, bp 76 2°, m p —71°, d® 1 93 , it 
fumes m moist air and forms with a httle water 
a white solid while larger amounts produce 
the orange germanous oxide Above 140° it 
decomposes first into the dichlonde and then 
into tetrachlonde and germanium Electrolysis 
of a solution in 71/ HCI produces either 
germanous oxide or a solution of bivalent 
germanium With oxygen the foUowmg re 
action IB said to take place 

4GeHCIs+0,=2GeCl4+2GeCl2+2H,0 
although Winkler behoved that GeOCIj was 
formed This oxyMonds is, however, made by 
passing the vapour of gennanochloroform over 
silver oxide , it is a colourless liquid, m p —66* 
insoluble in inorganic and organic solvents, and 
decomposing at 110° into GeO and chlonne *** 
For the Raman spectrum of GeHClj, see 
Volknngcr and others 

Germanous Chloride, GeClj — Formed as 
an intermediate in the thermal decomposition of 
geriiianochloroform,it is best obtained fayheatmg 
the metal at 350* in the vapour of germamo 
chlonde this reaction bemg reversed on heating 
the product above 76“ in vtieuo The hght yellow 
sohd IS insoluble in alcohol, chloroform or water, 
but the last medium slowly hydrolyses it to the 
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monoade Chlorine oxidises it to tie tetra- 
chloride, hydrogen chloride gives trichloro- 
mon^ern^ne 'n-hile bromine produces a mixture 
of tetrachlonde and tetrabromide ; drv oxveen 
^vrly generates the tetrachloride and i’oxidl.M 
On mixing hydrochloric acid solutions of ger- 
manous and rubidium or «ssium chlorides there 

are precipitated thegermanoc^loridM.RbrGeCI-l 

and CsEpeCIJ; double salts -srith quinine and 
piiocaipme hydrochloride are also knoirn.®* 
Gerrnanic Chloride (Germanium tetra- 
chloride), GeCl4. — Obtained by heating the 
chlorine,^ -5 the dioxide in phos- 


GERirA^-Imr. 


gene,«° or by distilling a solution of the dioxide 
m concentrated hydrochloric acid and sepaiatino- 
.® ^yer of tetrachloride from the 

aad. » The product, after ftactionation and 
removal of any chlorine or hydrogen chloride 
by the passage of dry air, is a colourless limpid 
Hqm-d, b.p. 83-0=,^m.p. -50% 1-879, re- 

fractive index nj,' 1-4602, vapour densitv 
at 301-5'’=7-4o (GeCI^=7-43). The critical 


pr^siTO IS 38 atm., critical temperatnre 276*9' 
and chelectric constant at ST", is 2*65; the di- 
electnc behavionr shoTvs a zero moment and a 
probable symmetrical tetragonal strhcture for 
the molecnle.^27, isa, iss 

The tetrachloride fumes in moist air and is 
easily hydrolysed by rvater; it is soluble in 
^ny organic solvents and almost insoluble in 
hydrochloric and sulphuric acids; the latter 
acid has no effect on it rrhile nitric acid onlv 
slowly attacks it. Alkalis react vigorouslv giving 
de^ solutions from which carbon dioxide pre- 
cipitates germanium dioxide. "With dry am- 
moma there is formed a mixture of germanium 
umde and ammonium chloride, a hght white 
powder slowly attacked by water.'*’’ Heated 
with oxygen at 900° the tetrachloride vields an 
oTgchloride, GejOCIg, b.p. 70713 mm.®’ 

Bromogerm an es . — Mondbromomonogtrmane, 
and dibromomoTiogermane are colourless liquids 
r&embling the chloro derivatives and prepared 
nmilarly. The former has b.p. 52% m.p. —32°, 
2-34 and the latter b.p. 89°, m.p. -15°, 
d° 2-80. f 

Germanobromoform, GeHBrj.— Formed 
by the action of hydrogen bromide on germanous 
bromde,*^-<< it is less stable than the chlorine 
analogue which it otherwise resembles; it 
begins to dissociate above 10° while the melting- 
point lies between —24° and —25°. 

Germanous Bromide, GeBr,. — Colourless 
plates or needles, m.p. 122°, subliming with some 
decomposition at 125° and formed by vacuum 
mstilLition^ of the mixture of GeHBrg and 
arising from the action of hydrogen 
bromide on the metal at 400°. When the mix- 
ture is maintained at 90° in vacuo the bromoform 
decornposes into dibromide and h3'drogen 
bromide and the latter is pumped off together 
with the tetrabromide. Germanous bromide is 
also obtained by reducing the above mixture 
inth zinc, filtering off zinc bromide and removing 
the unalterrf tetrabronude as before. The 
dibiumidc dissolves in alcohol and acetone the 
solutions having reducing properties; water 
"Fdrolyses it to germanous oxide while bromine 
and hydrobromic acid produce tetrabromide and 


bromoform respectively.^. « Solutions of ger- 
manoM bromide in hydrobromic acid rive 
precipitates with cssium and certain quatenmrv 
ammomum and arsonium bromides 
Germanic Bromide, GeBr‘— Prepared 
similMly to the tetrachloride althouch the re- 
reaction between the elements is not as'' visorous • 
colourless, octahedral crvstals, m.p ‘’6-1° b o' 

1S6.5-, 3.1315, 1.6269, specific ’co«.' 

<0-00008 mho. at 30°; the hquid 
exhibits to a marked degree the phenomenon of 
^per^lmg. In properties it closelv resembles 
its chlorme anaIogne.-.i5,22,S3.ij3 

1 odogerman es. — lodomonogermanes, al- 
ttough riated to be formed, have not been 
isolated/^ 

Germanous Iodide, Gel,.— When the mix- 
ture of chlorides arising from the action of 
hydrogen chloride on germanium is converted 
to oxides and treated with hydriodic acid there 
is formed the sparingly soluble tetraiodide and 
the more soluble duodide. On fractional crvstal- 
lisation from hydriodic acid the diiodide is 
obtained as yellow hexagonal plates resembling 
lead iodide ; the crystaf structure is of the (76 
type.*'® ItEublimesabove240° with some decom- 
position, is insoluble in hydrocarbons, shehtlv 
soluble in chloroform and' readily dissolves in 
water and dilute acids.’*. The solution in 

hydriodic acid gives a black precipitate with solid 
casium chloride.’*’ 

Germanic Iodide, Gel^. — Iodine vapour 
acts on germanium at 360°, forming not onl\* the 
orange tetraiodide but also some yellow di- 
iodide,’* the former is therefore best obtained by 
evaporating a solution of the dioxide in hydriodic 
acid and crystallising the residue from chloro- 
form or carbon tetrachloride ; the crystal^ are 
isomorphous ■with those of stanm'c iodide.— 

The colour of the iodide varies ■with temperature 
being canary-yellow at —185° and rubi'-rcd at 
140° ; m.p. 146°,” b.p. 350-d(X)°,’ with decom- 
position, d^ 4-3215; it may be subUmed with- 
out appreciable decomposition if carefully heated 
just above the melting-point. Many organic 
media dissolve it, but the solutions in alcohol, 
acetone, ether and pyridine decompose im- 
mediately; carbon tetrachloride solutions give 
white precipitates with dry ammonia and many 
amines.’"- 

GeRJL*LSTU3I axd OxTcrx. 

Germanous Oxide, GeO. — Formed as a 
black sublimate by heating the dioxide in carbon 
monoxide or a mi.xture of dioxide with carbon 
or germanium at 850-900° in nitrogen. At 
these temperatures it att.acks quartz and porce- 
lain glaze and the operations must be con- 
ducted in unghizcd porcelain ; the monoxide 
begins to sublime at about 710°. It is more 
easily prepared bv* reducing gcrmanic salt solu- 
tions with zinc and sulphuric acid or, b"tfe.-. 
with hypophosphorous acid, prccipit.atinr oranre 
vcllow" y.-moroiM hvdrorid' with animon’-! nnd 
^—3-.,- 41.1, .-itirrv— ,n fjf (t-Sri* w b*'n tb** black 

Tl:*' h;. droiM 


drying this in nitrogra at C-~0 
crvstallinc oxide is formed.’-' 


or, more probably, hydrous ox:d 
bv hvdroivsis of the diLalrics ; it is 
soluble in .alkalis and in the hal-^rn .'■'■id 


ol t.ained 


civ 

.i:i 
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The crystalline monoxide is stable m air at 
ordinary temperatorea and is only slowly 
attacked by acids, alkalis or oxidising agents 
With chlorine or bromine at 250® it forms the 
tetrahahde and dioxide while hydrogen cUonde 
at 176® prodnces germanochloroform 
For the band spectrum of GeO, su Shaw 
and Sen Gupta 

Germanic Oxide (Germanium Dioxide), 
GeOj — The oxide is usually obtained by one 
of the foUowmg processes (o) heating the finely 
divided metal m oxygen or with nitnc acid' 
or hydrogen peroxide “ , (i) oxidising the eol 
phide with nitnc acid i ai u or with hydrogen 
peroxide and ammonia** , (c) hydrolysis of the 
tetrahalides or sulphide Although no hydroxide 
13 known the pr^uct obtained imm aqueous 
solution must be ignited at 900-1 000® to remove 
allmoisture, while the preparation &om oxidation 
of the sulphide tends to retam sulpbunc acid 
from which it may be freed by moistening with 
ammoma and re igmtmg 
Germanic oxide is a heavy white microcrys 
talline powder and can exist m two or more 
allotropic modifications Evaporation of an 
aqueous solution of the oxide foUowed by beating 
to temperatures between 225* and 1,000“ 
(optimum 380®) gives a product partly converted 
to a form insoluble in water, hydrochloric or 
hydrofluonc acid and only slowly soluble in hot 
alkalis ** Conversion into this insoluble modifi 
cation IS catalvsed by water vapour or by a 
mixture of lithium aud potassium chlondes 
Hydrolysis of the tetracldonde or devitrification 
of the class produced on fusing the dioxide leads 
to a siMoble variety , the two forms are enanti 
otropio with a transition temperature at 1,033“ 
The soluble oxide is unstable below this and has 
a stable melting pomt at 1 116® its density at 
25® IS 4 22S, refractive mdex <u 1 €95 while the 
crystal structure is trigonal trapezohedral and 
isomorphous with a quartz ** The insoluble 
modification has an unstable melting point at 
1,086®, d** 6 239, refractive mdex a> I 99 ! 
crystal structare, tetragonal and isomorpbons 
wAb TxAie 

The Bolubihty of the oxide m sulphuric w 
hydrochloric acid is small and decreases with 
the concentration although with the latter a 
minimum is reached at 3 BN Alkalis readily 
dissolve it while the soluhOity in water at 25® 
IS about 4 5 g per 1 000 g HjO •* The 
aqueous solution is partly colloidal and tbe 
solubility depends on the ratio of GeOj to H,0 
m the ongmal onde ** It is weakly acid and con 
tains HjGeO] dissociation constant of which, 
according to Schwarz and Hnf** is 05x10“*, 
Gnlezian and Muller ** give 1 3 x 10-* for this 
constant and 31 3 for the mobility of the 
HGeOj' jon while Pugh states that the acid 
is dibasic tbe first dissociation constant being 
2 6 X 10“* and the second 1 9 x 10“** When 
the dioxide u heated to 1,400-1 500“ it fuses to 
a dear glass, d** 3 637, refractive mdex 1 G07 
The dispersive power and thermal expansion are 
greater than for fused aihca while the trans 
mission m the ultra violet is smaller A number 
of glasses have also been made corresponding to 
the vanons sflicate glasses Fused germania 
attacks platmnm, quartz and glazed porcelain 


and fnsions must be c«med out m unglazed 
porcelMn and out of contact with reducing gasea 
or carbonaceous matter The fused oxide is 
acted on by water and acids and devitnfies on 
heating below the fusion pomt ** *** *** 

A germamum dioxide gel havmg adsorptive 
power of the same order as sihca gel has been 
made from germamnm ethoxide, Ge(OEt)« 
alcohol and water •* No defimte hyifrate of 
germanium dioxide exists 

Salts of Germanic Acids — ^3Iost of the 
salts are derived from the meta acid, HjGeOj 
but a number of orthogermanaUs are known while 
salts of condensed ortho acids such as the 
germanium analogues of Thortretlilet Sc^SiiOj, 
and BtnttoiU, BaTlSijO, (qv) havf been 
synthesised The general method of preparing 
these complex salts is by fusing or smtenng 
intimate mixtures of the oxides m stoichio 
metric proportions ** 

Some of the metagermanatea, notably the Li 
(anhydrons) Na (7 and 6HjO), Sr (anhydrous) 
and Ba (4 and SH^O) salts, have bran obtained 
crystalline from aqueous solution They are 
decomposed by carbon dioxide and the solutions 
therefore slowly deposit GeOj on exposure to 
air From solutions of copper salts, sodium 
metagermanante precipitates a basic copper salt, 
2CuO GeO) HjO,wmle with aluminium cUo 
nde there is deposited a germanate, 

AIjO, 2GeO,nHtO, 

m which the water is zeohtic n 
Magnesium orthogermanate la used m the 
estimation of germanium and is precipitated in 
amorphous form by treating germamum solu 
tiODs With magnesium sulphate, ammomom sul 
pbate and ammonia , when crystalline it is iso 
morpfaous with Forglente, Mg^SlOt • 

Hydrc^en peroxide at 0“ acts on a concen 
trated solution of sodium metagermanate to 
precipitate sodium perdijermanate, 

NajGejOj 4H,0, 

while fr^m the filtrate alcohol deposits sodium 
jKrmeiagerviaTtate Na2GeOj4HjO A pot<u 
9%tttn perdigermanate is also Imown 
Complex Acidsof Germanium — ^Addition 
of mannitol, glycerol or other poly hydroxy 
alcohols increases the solubility of germamum 
dioxide m water and the resultmg complex acids 
may be titrated with sodium hydroxide as in the 
case of bone acid *® **• 

Like silicon, germaninm forms Meropdly ac\ds 
with molybdic and tungstic acids These have 
beengiventheformul»Hg(Ge{Mo.Oj)g]28H,0 
and HjtGe(W,0,),]28Hj0, although they 
should probably be regarded as 

H4GeX„0„ 29HjO (X-=Mo or W) . 
other hydrates are also known ** ** ” 
Derivatives of 10 tungstogermamc aetd, 
H,GeWioO„ 

have been made but the acid itself has not been 
isolated ** 

Germanium also forms a complex germano 
oxalic acid, HjGe(Cj 04)3 of which the auinins 
and strychnine salts have been prepared '•* 
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Tlie oxide obtained by hydrolysing the halides 
is not a single substance and Morgan and Drew 
have isolated from it triavhydroletrahisdiphenyl- 
germavediol,' 

H0GePh„-0-GePh,. 

HO-GePhj-O-GePhj/ 

and the closed-ring letraanhydro derivative. 

Monopheny] Derivatives.®'- si. ®o, 120,142 — 
Phenylgermanhtm trichloride, PhGeClj, is pre- 
pared (a) by heating GeCI^ and GePh^ under 
pressure, (&) by heating GeCI^ and mercuiy 
diphenyl at 140° in xylene and (c) by beating 
iodobenzene with Cs[GeCl3] at 250°. It is a 
colourless liquid, b.p. 105-10G°/12 mm. ; the 
tribromide boils at 120-122°/13 mm. while the 
triiodide is a solid, m.p. 55-56°. Hydrolysis of 
these leads either to phenylgermanonic acid, 
PhGeOOH, or its anh3'dride. 


POLYGEEMAIOTJM PhYNYLS. 

Hexaphenyldigermane, Ph^Ge — GePha- — 
Formed during the prolonged action of Ph MgBr 
on GeCI^ or bj- the electrolysis of Ph^GeNa in 
liquid ammonia, it is usually obtained by heating 
PhjGeBr with sodium in xylene or by the inter- 
action of PhjGeNa and PhjGeF. Colourless 
microcrystalline powder, m.p. 340°, only 
slightly soluble in organic solvents.®'- 
Octaphenylgermanopropane, PhgGej. — 
Prepared by the action of 2 mol. of PhjG eN a on 
1 mol. of PhjGeClj in warm benzene ; it forms 
colourless plates from chloroform, m.p. 247-248°, 
and is stable towards moisture.®' 

Sodium in xylene reacts with diphenjdger- 
manium dichloride to yield some germanium 
diphenyl,^^ probably (Ph2Ge)4, a white crystal- 
_line material, m.p. 294-295°. The corresponding 
reaction with the trichloride, PhGeCIj, gives a I 
product, (GePh)g, which was first thought to 
have a cyclic structure but which is now regarded 
as an open-chain compound.®®- 
The only definite ring structures containing 
germanium appear jto be l:l-diethylgermanium- \ 
cyclopentamethylene I 


CH,< >GeEt2 

NCHj-CH/ 


and the corresponding I'.l-dichloro derivative. 
The latter is made from the Grignard reagent of 
aie-dibromopentane.'®® 

Abyi--alkyl Deeiyatives of Gee5ia:xiu31. — 
A number of mixed aiyl-alkyl germanium com- 
pounds have been made of which the most 
interesting is probably elhyllaopropylphenyl- 
germanium bromide 


Pr^ 

Et 


X 


Ph 

Br 


on an analogy with carbon the germanium atom 
is asymmetric but the compound has not been 
resolved.®® 

Germanium Derivatives of jS-diketones.®® 
— Germanium tetrachloride rearts with acetyl- 


acetone in anhydrous solvents, forming ger- 
manium bisacelylacelone dichloride (I), colourless 
prisms, m.p. 240°, sparingly soluble in organic 
media. With the tetrabromide the reaction is 
slow and the yield is poor; the dibromide is a 
colourless microciystalline powder, m.p. 226°. 
The corresponding propionylacetone derivatives 
have also been obtained. 

With copper acetylacetone germanic chloride 
gives unstable complex intermediate products 
which resolve on ciystalh’sation into germanium 
IriaacetylaceUme cuprochloride (El), colourless re- 
fractive prisms, m.p. 147-148°. The analogous 
cuprobromide is obtained in a like manner but 
is accompanied by a dicuprobromide, 

[Ge(CsH,02)3]Cu3Br3. 


[(CH 


/ 


C(CH3)-0 


\ 


\c(CH3):0--' 


»2GeX3] 


[(CH 


C(CH3)-0 


\ 


C(CH3):0--' 

n. 


•)3Ge]CuX3 


X=CI or Br 


Refeeekces. 

1. C. Winkler, J. pr. Chem. 1886, [ii], 34, 177. 

2. C. Winkler, ibid. 1887, [ii], 36, 196. 

3. Nilson and Pettersson, Z. physikal. Chem. 
1887 1 3034 

4. Kriiss and Nilson, Ber. 1887, 20, 1696. 

5. Voegelen, Z. anorg. Chem. 1902, 30, 324. 

6. Owen, Aim. Fhysik, 1912, [iv], 37, 664, 
694. 

7. Buchanan, Ind. Eng. Chem. 1916, 8, 585; 
1917, 9, 661. 

8. van Laar, Z. anorg. Chem. 1918, 104, 136. 


1921. 

9. MuUer, J. Amer. Chem. Soc. 43, 1085 ; 1922, 
44, 2495. 

10. Dennis and Papish, ibid. 43, 2131. 


1922. 


11. Bidwell, Physical Rev. [ii], 19, 447. 

12. Schenck and Imker, Eeo. trav. chim. 41, 
570. 

13. Paneth, Slatthies and Schmidt-Hebhel, 
Ber. 65, 785. 

14. Paneth and Schmidt-Hebhel, tbtd. 55, 

^^15." J. H. Muller and Smith, J. Amer. Chem. 
Soc. ’44, 1909. 

16. Dennis and Hance, ibid. 44, 299. 

17. Dennis and Hance, ibid. 44, 2855. 


1923. 

18. Denm's and Johnson, J. Amer. Chem. Soc. 

^19. Dennis, Tressler and Hance, ibid. 45, 2034. 

20. Bridgman, Proc. Amer. Acad. Arts Sci. 
58, 196. 



530 


6ESNEBIK 


Cl 



III 


The chloride was obtained m the form of smaU I 
brownish needles of the telrakydrate, 

CtiHji04CI,4Hi0. 

when a solution in hot 0 1% HCI was mixed 
with an equal volume of 6% methyl alcohohc 
HCI A baste chloride, 2C]iHigOg,HCI,8HjO, 
when dned m air, and 2CjiHjoO,,HCl,H,0, 
after drying at 110" in a high vacuum over 
phosphorus pentoxide, separated m the form of 
minute brown crystals when the acid concen 
tration of a 0 1% HCI solution was increased to 
2% The chloride is almost insoluble in 2% 
HCI or in acetic acid, it dissolves sparingly m 
0 6% HCI to a yellowish brown solution The 
orange yellow alcohohc and n butyl alcohohc 
solutions exhibit a green fluorescence The 
aqueous or alcohohc solution gives a fine bluish 
rose coloration on the addition of sodium acetate, 
sodium carbonate, ammonia or sodium by 
droxide The distribution to tsoamyl alcohol is 
superficially similar to that of a normal di 
glucoside Under the conditions defined by 
Robinson and Todd (J C S 1932, 2290. 2492), tbe 
distnbution number (n butyl alcohol) is 50 
(3 18 tng m 60 0 c of the mixed solvents) 

W B 

GETAH WAX v Fio Tbee Wax 
GEYSERire or SILICEOUS SINTER 
(Ger KteseUinier ) An opahne form of by 
drated aihca deposited by the hot eprmgs 
(geysers) of volcanic regions It is white or 
greyish in colour and porous in texture On the 
extenor it usually assumed fantastic shapes — 
etalactitic, filiform and cauliflower like masses 
— and it is sometimes found encrusting plants 
Compact massive and pulverulent forma also 
occur Sp gr 1 8-2 0 The material consists 
of nearly pure sihca, SiO, 82-97% with H,0 
3-10%, and small amounts of alunumum, iron 
calcium, magnesium and alkahs Immense 
deposits occur in Iceland, New Zealand, Luzon 
in the Fhihppme Islands, Azores, and Yellow 
stone National Park m Wyoming Its use has 
been suggested for the manufacture of porcelain, 
glass, sihca glass, etc , and as an inert fillmg 
matenal 

L J S 

GHEDDA or East Indian (Bees’) W'ai 
The wax secreted by the oriental species of bee. 
Apis indica Fab , A fiorea Fab , and A dorsata 
Fab Up 62-63®, solidifies at 69-58®, acid value 
6-7 5 ester value 86 02 

GHEE (llindustam, “Ohi”) consists of 
clarified butter fat and is extensively employed 
in India as a general edible and coouug iat , it 
also finds considerable use as an external medica 
ment (very old ghee is regarded with espeaal 
favour for this purpose) and in religious cere 
monies It is prepared bj beatmg( boiling”) 


batter untd most of the water has evaporated 
and the fat layer becomes clear and can be 
separated from the curd and residual water by 
decantation and/or straining The quality and 
flavour of the preparation, which naturally 
depends upon the care exercised in the manu 
facture of the butter (e Butter) and m its 
subsequent treatment, is gradually improvmg, as 
modem procedures replace tbe older crude 
native methods (Kothavala and Cox, J Central 
Bur Animal Husband^ Daiiying, India, 1927- 
28, 1, 95, French, Bull Imp Inst 1936, 34, 
32) The best quahty of ghee is a white or 
yellow fat of fresh butter like flavour, which 
keeps indefimtely if stored in porous earthen 
ware vessels, whilst the lower grades, which have 
been imperfectly clarified m the pnmitive native 
procMses, soon develop a characteristic flavour 
and sharp rancid taste Ghee of good quahty 
may also be manufactured directly by boiling 
(clarifying) washed fresh cream, or soured cream 
(French, le , Bull Imp Inst 1938, 36, 349, 
Dave, Poona Agr CoU Mag 1935, 26, 142) 

The purified dry butterfat has better keeping 
properties than ordinary butter and, hence, 
ghee like preparations made from local butters 
are to be found not only m other hot countries 
such as Egypt (where tbe fat is termed 
“ Samna ”), Nigeria and Tanganyika, but 
among peasant populations in Russia, Germany 
(as “ Schmelzbutter " or “ Butterschmalz ' ), 
etc 

In India, the fat sold under the name of 
“ ghee ” may be derived from cow butter or 
buffalo butter or bom mixturee of both, and 
ordinarily no distinction is made between tbe 
two varieties, even m the matter of pnee Ghees 
prepared from the milk of other animals, such 
as goats, may also be met with in some countnes 

The following figures are reported by Godbole 
and Sadgopal from the exammation of a number 
of autbentio Indian butterfats (“ Butterfat 
(Ghee),” Benares, 1939, p 17, c/ Bhattacharya 
and Hilditcb, Analyst, 1931, 66, 161) 


I Table 1 — ^Pbopbrties of Isdian Buttebtats 
(GOCBOLB AED SaDOOPAL) 






butterfat 

butterfat 

SpecIQe gravity at 
16*0 

0 9358-0 9443 

0 9340-0 9444 


(bntyro refVactoineter 

at 40’) 


40 0-43 5* 

Melting point 

28 5-42 O'C 

32 0 43 5*C 

SaponiScatloQ ^'alue 




24 6-35 5 

Polenske value 


0 8-2 2 

Dertnm A value 



Bertram B value 


3'’ 9-35 5 

Iodine Tallin * 


28 5-44 0 

Thlocyanogen value* 

25 6-40 8 

22 7-40 0 


* Cf Bncihalalcotl aniJ MuVherji J Indian diem 
Soc 1035.12. 45!> , Iodine values SO-50 


The Kirscbncr values of cow butter ghee and 
buffalo butter ghee (two samples each) examined 
I by Bhattacharya and Ililditch (I e ) were 20 6- 
1 20 9 and 24 6-25 C respectively 
1 It will be noted that the figures for both fats 
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fall witHn tte ranges of values commonly 
accepted for European bntterfats (r, Buttee). 
The butyric add values of six samples of standard 
butters from tie Indian market examined by 
Godbole and Sadgopal (op. cit. p. 77), huvrever, 
range from 24-1-26-0 (average 25-2), which is 
considerably higher than the average figure of 
20 reported by Grossfeld for European butter 
fats. Correspondingly, the content of butyric 
and caproic adds in the Indian fat appears to 
be slightly higher than that of the European 
butter fats (Sadgopal). Bhattacharya and 
Hilditch (l.c.) give the following figures for the 
percentage composition of the fatty acids from 
two samples ^ of first quality buffalo ghee having 
iodine values respectively 32-5 and 33-5 : butyric 
add 3-9, 4-1; caproic add 1-7, 1-4; caprylic 
add 0-3, 0-9 ; capric acid 0-9, 1-7 ; lauric acid 
2-0, 2-8 ; myristic add 7-2, 10-1 ; palmitic add 
20-b,^ 31-1; stearic add 24-4\ 11-2; arachidic 
add 2-7, 0-9 ; oldc add 34-3, 33-2 ; linotic add 
2-6, 2-6. Figures approximating to those for the 
second sample have been reported by Godbole 
and Sadgop^ (op. off. p. 18) as the average results 
of the examination of more than forty samples 
of buffalo ghee. These analyses show that the 
proportion of butyric and stearic adds in fauffalo- 
butfer fat is distinctly greater than in cow- 
butter fat, and the proportion of linolic to oleic 
add is lower; arachidic acid has also been 


detected in the adds of buffalo-butter fat, but 
is absent from cow-butter fat (Bhattacharva and 
Hilditch). 

The glycerides of the second sample of buffalo 
ghee described above were found to comprise 
about 34 mol.-% of fully saturated triglycerides 
and 42—54 mol.-% of mono-unsaturated-di- 
saturated glycerides, the balance consisting of 
di-unsaturated and/or tri-rmsaturated glycerides. 
ADowing for its particular content of linolic and 
oldc adds, the general structure of the fat is 
thus comparable to that of cow-butter fat (v. 
Bcttee), and, as in the case of other animal fats, 
is of the “ mixed heterogeneous ” type : i.e. 
there is no evidence of any selective assodation 
of unsaturated and saturated adds, or of segre- 
gation of any particular fatty add in the form 
of simple tiiiyceride. 

Standards for ghee, which have been laid 
down by the Ghee Conference of the Gfovem- 
ment of India, 1937-38 (Schedule IH : normal 
physical and chemical constants of “ Ghee ” 
to which designation marks may be applied) 
are shown in Table II; these standards are 
severely criticised by Godbole and Sadgopal on 
the ground that the limits given for various 
characteristics are too narrow and liable to 
exclude a very large number of genuine samples 
of cow and buffalo ghee (cf. Brahmachan, 
Indian Med. Gaz. 1935, 70, 71). 


Tabu: n. 



Cow ghee, 
yellow label 

Buffalo ghee, 
blue label 

Special, 
red label. 

General, 
green label. 

Butyro-refiractometer at 40'C. 

Moisture 

Saponification value 

Eeichert-Meissl value 

, Polensfce value 

! Kfrschner value 

1 Free fatty adds as oldc add . 

40-5-42-5® 

>0-5% 

222-226 

26-28 

1-5-2-5 

20-25 

^>1-5 

40-5-42-5® 

^0-5’)o 

225-234 

<30 

1-0^1-75 

<25 

>1-5 

40-5-42-5° 

>0-5% 

222-234 

<28 

1-6-2-0 

>1-5 

40-5-43-5'’ 

>0-75% 

220-236 

<24 

0-5-2-5 

>2 


Concerning the content of vitamin-A in ghee, 
sea papers by B. jS". Banerjee et. al., in Agnc. 
live-Stocklndia, 1935onwmds; Grewal, Quart. 
J. Phamu 1933, 6, 650. 

Ghee is liable to be adulterated with animal 
or vegetable fats or hydrogenated fats of suitable 
consistency: its analysis follows the lines 
described for butter fat in the articde Bcttee 
l^ee also “Standard 3Iethods of Analysis for 
Testing and Grading Ghee,” 1938, published by 
the Government of India ; Teiiatachalam, 
Analyst, 1937, 62, 732 ; Daroga and Sidheva, 
Ind. and ITews, Ed., J. Indian Chem. Soc. 1938, 
1, 91). Godbole and Sadgopal recommend a 


^ Uie first sample was prepared from the mUk of 
of Miirr ah buffaloes OH drj* grass and green inillet 
■with tbft addition of concentrates containing cotton- 
seed- sesame-cake and lentil-bTisks ; the second ^ 
ma^et sample derived firom pasture-fed animals. 
The authors rema^ in regajrd to the first sample, that 
insufficient Tnafpri aT Tras available to p€iiiut them to 
repeat the as they vronid have ’dished ^ do m 

vierr of the unexpected results obtained for the con* 
tents of stearic and palmitic adc^. The pr^^re of 
arachidic acid, however, is regarded as definuely 
proved. 


ietermination of the dispersion in conjnnction 
with the refractive index as a rapid qnalitafave 
sorting test (cf. Athavale and Jatkar, J. Indian 
lust. Sd. 1938, A21, 15) ; when observation of 
refractive index are made with a 
refractometer in daylight (or arc-lamp bght) the 
iupearance of the colour-fringes at fhe e^e of 
the shadow may afford preliminary indication ot 
jdtdteration; pure ghee is stated to show a 
rolouriess or violet-edged demarratioa ime, 
!rh2st hlne or orange fringes are to be observe 
if animal or v^etable oils and fats are ; 

“ VeneiabU ghse. ” (“ vanashpati ), which is 
=old as a substitute for ghee, bears the same 
relation to it as margarine does to butter m 
Europe, and consists of suitable blends of 
Bvdro<^enated vegetable oils (commonly araclus 
lid cottonseed oils), and vegetable oils and 

tats. E. L. 

GIALLOLINO. GiaHo di Kapofi, Xapks 
Tellow a veUow pisment obtained by bating 
tartar mnetic with common salt and lead 
ind appioximatiiig in composition to base lead 
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antimonate It has been used for many cen 
tunes in enamels and pottery ware, but its use 
as a paint is now obsolete 
GIBB’S CELL(v Vol III, 63a) . 
GlBBSITEorHYDRARGILLlTE. Hy- 
drated alumina, AljOjSHgO (AljOj 66 4%), 
crystallised m the monoclmic system It nsu^y 
forms white or greyish, stalactitic or manuUated, 
encrusting masses Ciystals, to which the name 
hydrargillilt is more paflicidatly applied, have 
the form of thin six sided plates with a pearly 
lustre on the perfect basal cleavage , these are 
found in a magnetite bearing schist at Shishimsk, 
near Zlatoust in the Urals, and m nephelme 
syemte m the Langesund fjord, Norway 
Sp gr 2 3-2 4, H 2J-3i A bed, about a foot 
m thickness, of nodular plates of amorphous 
material is found beneath the soil overlying 
Igneous rocks over a wide area in the Palm Hills 
m Madras As a constituent of bauxite and 
latcrite it is of wide distribution, and it has also 
been identified in some highly aluminous fire 
clays If found in sufficient quantity it would 
be of value as an alumimum ore 

L J S 

GILSONITE A mineral hydrocarbon oc 
currmg m Utah, the Phibppines and elsewhere 
Used m the paving industry and m the manu 
facture of electncal insulators, roofing materials 
for water proofing pipes, preventing corrosion 
of iron plates in ehipb, coating wue fencmg, sea 
walls, etc , for Umng tanks for chemical, in 
lubricants for heavy machinery, m rubber sub 
atitutea and as a binder for briquettes 

Distilled up to 450^ it yields 12 75% fuel gas 
(containing mainly CH^ carrying 2% hgbt oil 
and 0 25% N Hj), 66% od and 30% coke (con 
taming 6^% N) The od fractionated in CO* 
gives ught solvent od, intermediate gas od and 
a heavy od yielding lubricating od and wax 
All these oils have both asphaltic and paraffinoid 
characteristics The middle fraction purified 
by HjS 04 and sulphonated with oleum gives a 
clear od with properties of a refined petrol 
The acid sludge yields a semi drying oil and a 
solution of sulphomc acids used for hydrolysing 
fats and the Na salts of which ate useful as 
detergents The semi drying oil mixed with 
Lnseed od causes homogeneous drying (U 8 P 
1469328, 1624859, 16737G4-5, 1678235) 

Gdsomte is rendered completely soluble m 
petroleum by heating for ^ hour at 166-200° 
(USP 1803037) 

GIN or GENEVA is a spirituous liquor the 
characteristic fiavour of wffich is due to the 
presence of od expressed from the jumper berry 
j The term “ Gm ” is an English abbreviation of 
“ Geneva,” a corruption of the French 
“ Gemjvro ” or the Dutch ” Jenever,” both of 
which have reference to the essential fiavounng 
ingredient There are two mam types — the 
Bntish “ Gm,” and the Dutch “Geneva,” 
“ Hollands ” or “ Schnapps ” The spirit m 
usually derived from gram — a mixture of maize, 
malt and rye For low grade vanetics, spirit 
derived from molasses or other fermentable sub 
stances is sometimes used Mlidst there is no 
legal or official standard for gm, and such sub 
stitution ma% not bo detnmental to pubhc 
health, a case can possibly be established against 


the marketing of such a preparation as genuine 
gm 

The Engbsh variety is usually prepared from a 
gram mixture consiatmg approximately of 
16 parts of maize, 3 of malt and 2 of rye After 
fermentation, the spirit is generally rectified in 
patent stdis, and although a high alcoholic 
strength is attamed, the rectification is not 
earned out to such an extent as to rhmmate the 
charactenstic flavour of gram spint The 
artificial flavourings in addition to the jumper 
which are added, are angehca, almond, calamus 
root, cardamon seeds, cassia buds, coriander 
seeds, liquonce powder, orris root, sweet fennel 
and turpentine The method of adding the 
fiavounng substances vanes In some cases 
they are added directly, or an alcohohe mash of 
the fiavounngs is distilled, the distillate bemg 
added to the spmt to be flavoured Another 
and probably the best method is to redistil the 
spmt after the addition of the flavouring m 
gredients in a kind of pot still with a longhead 
or other simple rectifymg apparatus 

Sweetened gin, popularly known as “ Old 
Tom ” is made by the addition of sugar syrup 
to plain gm The syrup is prepared by dis 
solving refined sugar m its own weight of water 
Somebmea the syrup is flavoured with orange 
flower water and is known as “ capiUaire " The 
clear solution is added m the proportion of about 
6 gallons of syrup to 100 gallons of gut 

Plymouth gm is a special variety made in 
Plymouth and consumed extensively m the West 
of England It has a charactenstic flavour, said 
to ^ due to ether resultmg from the addition of 
a httle Bulphurto acid to the spmt before 
rectification 

The Dutch variety is usually prepared from 
equal parts of the tluee grams above mentioned 
although sometimes maize is omitted The 
manufacture is earned on mainly at Schiedam 
whero pot stills are chiefly employed The spirit 
IS subjected to three or four rectifications, when 
It IB Imown as “ moutwyn ” or “ maltwine ” 
This IS sold to the manufacturers of Geneva or 
Hollands who flavour it by methods similar to 
those above desenbed for English gin The best 
HoUands is said to bo prepared as follows 
A mixture of 2 measures of ground rye with 1 
measure of ground barley malt is mashed with 
about 24 gallons of water for each hundredweight 
of the mixed meal The mashing bemg com 
pleted, the specific gravity of the wort is reduced 
to between 1,033 and 1,038 by the addition of 
cold water The mash is then fermented after 
which the whole is transferfed to a still To the 
first product of distillation, called “ low wines,” 
n varying proportion of jumper bemes with a 
little salt IS added, and it is redistilled To the 
distillate further flavounng derived from the 
jumper as well as from the rye or barley used m 
brewing are added 

The consumption of gin has increased greatly 
in recent years owing to the estabhshment in 
popular favour of ap^ntifs and cocktails of 
which it forms the basis In these preparations ' 
the gin 13 mixed with a vanety of different 
matenals such as vermouth, angostura bitters, 
or citrous extracts Before this development, 
however, gm was m much demand on account 
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of its supposedly valuable medicinal properties, 
particularly in affections of the urinarv or^mus. 
In this coimection the vrork of Caferate (r. 
Ihicceschi, Pavia, Arch. itaL biol. 1920, 70, 93) 
is of interest. By iniection into the jne- nlar 
vein of the rabbit he established the tovic 
coeScient (expressed in terms of cubic ceuti- 
metres per kilogram of body veight) to be 18-20 
compared -with irhisky 10, cognac 13-18, vrines 
65-80 and beers 152-200. 

The adulteration of gin, except by dilution 
vith -water, is not common. The Food and 
Drugs Act, 1938, prescribes that, in pro- 
ceedings for dilution of gin, it shall be a 
defence for the defendant to prove that the 
spirit had been diluted -with water only, and 
that its strength was still not lower than 35' 
under proof. This provision, however, does 
not affect Sect. 14 of the Finance Act, 1935, 
according to which “ if any spirits delivered in 
bottle fiom a warehouse for home consumption 
are sold by a dealer in or retailer of spirits at a 
strength lower than that by reference to which 
fte customs duty or the excise duty chargeable 
thereon was computed, he shall ... be liable . . . 
to a fine.” Alkaline carbonates and sometimes 
alum and salts of zinc and lead have been found. 
Juniper wood oil and turpentine ofl. are occasion- 
ally -used as substitutes for or admixed -with the 
oil from the juniper berry. Dorchies (Ann, Falsif. 
1935, 28, 452), in the examination of a large 
number of samples from various origins, found 
considerable variation in the products from 
different distilleries. He fotmd that constituents 
other than ethyl alcohol never fell below 352 mg. 
per 100 mL of absolute alcohol. The most im- 
portant of these — the higher alcohols — were 
never below 270, furfural -was present in traces 
too small to determine except in the product of 
one distilleiy which contained 1-0-9-6 mg. per 
100 mL of absolute alcohoL 

F. G. H. T. 

GINGELLY or GINGILI OIL. Syn. for 
sesame ofl. 

GINGER, The dried rhizome, either whole 
or powdered, oi Zingiber off cinale Eoscoe, a plant 
3-4 ft. in height, which grows vrild in India and 
China and is cultivated extensively in most 
tropical countries. At the present time the 
chief kinds, which find their way into the Eng- 
lish markrt, are Jamaica, Calicut, African, 
Japanese and, in less quantity, Bombay. As 
ginger is invariably cultivated from cuttings of 
the rhizome, it is very seldom that the seed is 
fertile, and consequently there is little variation 
in botanical characters wherever the plant is 
gro-wn. It may be propagated readily in any 
tropical or sub-tropical clim ate having a high 
rainfall. It was at one time stated that Chinese 
^nger used for preserving purposes was derived 
from a related plant, Alpinia gaianga, Fam. 
Zingiberaceffi, but this is now thought to be 
erroneous. Japanese ginger is not derived from 
Z. offcinaie, but is stated to be obtained from 
Z. mioga, and is therefore not employed for 
medicinal purposes. Ginger has been grown 
extensively in 5jgeria, and a detailed account of 
its cultivatioa is given in the Brifl. Imp. Inst. 
1926, 24, 667. 

The rhizomes are dug up when the plant is 


about a year old. washed and dried in the sun. 
In some cases the root is dried intact and in 
others the epidermis is removed by scraping or 
cutting. Great care is necessary in the peelinu 
of ginger, as the aromatic principles are found in 
Ae cells immediately beneath the epidermis, and 
if these are spoilt or accidentally removed the 
spice becomes valueless. Recent reports from 
Xigeria indicate that the native grower, in his 
attempt to obtain a good colour, has prolonged 
unduly the soaking and washing of the ginger 
with the consequent leaching-out of an un- 
necessarily large amount of the water-soluble 
constituents (Bray, llajor and Fill, Analyst, 
1939, 64, 176). Active steps are being taken to 
rectify the faulty curing and these are meeting 
uith considerable success. 

Although the official ginger is unbleached, 
except for the action of the sun, there is a 
popular prejudice in favour of a white product 
and to meet this demand various methods of 
treating the roots are adopted. They are some- 
times bleached by means of chlorine or sul- 
phurous acid, or are dusted uith calcium car- 
bonate or sulphate, but the commonest method 
•xmsists in immersing the rhizome in mflk of 
lime. This also prevents the attack of insects. 
IVhen treatment is carried out after importatioii, 
the bleached “ hands ” are dried off in a 
moderately hot oven, as sun drying is no longer 
possible. 

The unscraped root has a yello-wish-bro-wn 
■wrinkled surface, whilst the scraped variety is 
smooth and nearly white. The pieces are, as a 
rule, from 3 to 6 in. in length, knotted and bent, 
flattened in section and -with a short fracture. 
On being cut -with a knife the best ginger presents 
a soft floury surface, inferior qualities appear 
hard, resinous and shiny. Ginger is used as 
a condiment and flavouring agent and in 
medicine as an aromatic stimulant and car- 
minative. 

ilicToscopic Appearance . — ^The starch grains 
associated -with the parenchymatous tissue are 
very abundant and characteristic, they are 
simple and ovoid in shape, from 7 to 40p long 
and 5 to25p broad, -with an eccentric hflum, and 
striations are visible in the larger grains, pro- 
vided that the fllumination is properly adjusted. 
In Japanese ginger the starch grains occur in 
aggregates and are less eccentric than in other 
grains. 

Scraped ginger contains no cork, but the 
natural rhizome possesses an outer cork rind of 
about 0-4 mm. thickness and containing about 
20 lavers of large yellow or bro-wnish, somewhat 
flattened, thin-walled cells, -mthout any con- 
tents. Immediately beneath is the parenchyma 
of the cortex containing starch and interspersed 
-with ofl cells, whilst farther inwards the paren- 
chyma cells are larger and contain more starch 
grains but fewer ofl cells. 

The spiral vessels are broad, reticulated and 
scalaiiform. The bast fibres are also broad and 
have rather thin walls. , 

Chemical ComposHion.—The chief chamcter- 
istic constituents are a volatile oil to which the 
aroma is due ; a fixed ofl, gmgeroL which gi^s 
the punaent flavour; starch and resm. The 
foBovring figures (Eicliardson. from Leacli, 
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“Food Inspection and Analysis,” p 463, 4th ed laome idea of the composition of whole ginger 
1920, J Wiley & Sons, New York,) will afford | root 


Table I 



Water 

Aah 

Volatile 

oU 

rixed 

oil 

and 

resin 

Starch. 

Crude 

fibre 

Albu 

mlnolds 

Uude- 

ter 

mined 

Mtro- 

gen 

Calcutta 

9 60 

702 

2 27 

4 58 

49 3 

7 46 1 

6 30 

13 4 

101 

Cochin 

9 41 

3 39 

184 

407 

53 3 

2 05 

700 

189 : 

I 12 

Unbleached Jamaica 

10 49 

344 

203 

2 29 

50 6 

4 74 

10 85 

15 6 i 

1 74 

Bleached Jamaica (Lon 
don) 

11 00 

454 

1 89 

304 

49 3 

170 

9 28 

19 2 

148 

Bleached Jamaica (America) 

1011 

5 58 

2 64 

2 69 

60 7 

7 65 

910 

117 

146 


J F Liverseege, H H Bagnall and A R 
Lemgo {Yearbook of Pharmacy, p 467, 1926) 
record detailed analyses of 24 samples of ground I 
ginger, and the average figures taken from 159 1 
to 338 samples obtained under the Sale of Food | 
and Drugs Acts 

Table II , 



Uazi 

mum 

Ulul 

mum 

Average 

hloisture 

10 9 

90 

lot 

Aah 

Ash soluble in 

6 60 

3 14 

5 26 

water 

Ash insoluble in 
water, soluble m 

2 89 

20 

252 

HCI 

Ash insoluble m 

3 21 

0 74 

216 

HCI 

1 02 

0 04 

058 

Organic matter 
Organic matter 

87 1 

82 8 

83 7 

xl 19 

Acetic acid insol 

103 6 

98 5 

997 

able 

80 4 

76 0 

_ 

Water extract 
Jfefhyiafed spint | 
extract (1 4g m ' 

18 2 

11 8 

12 8 

70 cc) 

90% alcohol ex 

71 

43 

69 

tract . 

73 

60 

64 


Euenhal Oil (n Gcnoeb, Esszktial on. or) 
— ^Thia IS best determmed by the method of 
Cocking and Sliddleton (v this Yol p 8a) 

Fixed Oil — ^Determinations by Garnett and 
Gner (Pbarm J 1909, 83, 169-160) give the 
guigerol as from I 1 to 2 2% 

The composition of gingerol has been mvesti 
, gated by Lapworth, Pearson and Royle (J C S 
i 1917, 111, 777), who found the pungent prmciples 
of ginger to be a mixture of saturated phenohe 
compounds derived from a residue of ztngerone 
{v infra) m association with a molecular pro 
portion of the residues of saturated aliphatic 
aldehydes 

—Nomura (ti>id 1917, 111, 769, 
Sci Rep Tfihoku, 1925, 14, 143) has prepared 
from ginger, also Lapworth and Wykes from 
giDgerol (J C S 1917, 111, 790), a ketomc body, 
zmgerone, the yield amounting to about 0 04% 
of the ginger, to which both publications agree m 
assigmng the formula CjjHnOg the constitu 
tioD of the ketone being 

OMe 

MeCO CHjCH O OH 

Zingerone may be obtamed in 76% yield by 
the reaction of 4 hydroxy 3 methoxy styryl 
methyl ketone by sodium amalgam in aqueous 
solution It forms colourless needles, rhom 
bohedra, or lustrous plates, m p 40-41® 


Table III — Sbowino Resdi/ts of Abaltsis of Adultebated Ginoebs 



ToUI 

Aih 

■ulable la 
Water 

Ash 

Insoluble 
la HCI 

Alcohol 

extract 

Cold water 
extract 

Exhausted gmger from Enghsh 
ginger ale works * 

212 





Exhausted ginger from extract 
works * 

6 05 





Exhausted ginjjer * 

300 





Exhausted ginger * 

2 68 





Added chalk and sand * 

15 74 





Added chalk and sand * 

764 

212 

1 24 


127 


* Wlaton Ogden and Smith, from 

* Urmeege, liagnsll and Lerrlgo 


r <63 :9J0 
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essential oil of. 

(XomTO), and has the odonr of salic'vlaldehrd'- 

and the pungent taste of ginser. It dLsolVe^ 

m most organic solvents, except liaht 
pe^Ieni^ ^t is spajinglv soluble in vatev 
^ IS onlv slightly volatile in steam. Warmed 
■5^ concentrated mineral acids the mixture 
a striking series of colours chanxins from 
femr yeHovr to hrovm, and then deeS pWe- 
M adding a^ it becomes blue, gre4 ^d 
-Zingerone gives a red colour 
Amon s reagent, dissolves to a green 
solution vith alcohohc ferric chloride and re- 
dnces ammomacal silver nitrate. Gingerol and 
Catalan (g.r.) arc both derivatives of guaiacol 
and are related to vanillin, but vhereas the 
pungent gingerol fr hydrolysed by alkab'g vield- 
nii prodncts, ■wiiicli possess no pnnsencv, the 
‘^Psaicin is unaffected bv riialis. 
m addinon to zingerone, 2s*omiira "finds in 
dap^ese ginger a pungent principle shc^aol. 


1 a31-52.3S=/15-5 mm.; sp.gr. 

j ’ contammg a methoxvl a hvdroxvl 
and a ketonic group. ' * ‘ 

T Tsurumi (Proc. Imp. Acad. Japan, 

109) have synthesised sho^ol bv the 
OTnaeiUration of zingerone and normal hexalde- 
nyde, and they state that its s tr uc ture is 8-4- 
nydroxjjS-methoxyphenylethyl n-heptenyl ke- 
tone. Xomura and his colleagues have en- 
deavouTM to establish on vhat constitutional 
tectors the pungency of the principles in ginger 
IS dne and to this end have prepared a lame 
of homologues of zingerone (Sci. Eep. 

^®25, 14, 127, 131, l4 

69o, ,03, 70/, 973 ; 1929, 18, 661 ; Bull 
’ Proc. Imp. Acad. 
Tokvo,_1926, 2, 229; 1927, 3, 159). Ilost of 
i-e cenvatiTes'prepared are pungent. 

■a-uu^aiion . — The onlv form of adulteration 
to -n-inen vhole ginger is subject is the addition 
o:^or robstitution by, ginger from uhich more or 
&M Ox the. strength has been removed bv ex- 
ction vrith dilnte alcohol or trater, in the 
laanu iactnre of ginger beer, etc.; or vith 
s^OTg alcohol for the preparation of the essence 
^Tmcture. Ground ginger may be adnlterated 
• . . uddition of foreign starches — vrheat, 

ttiaiz^ nee or turmeric ; and, in the past at all 
eveiitc, teyenne pepper and turmeric have been 
to restore the pungency and colour 
1— ese have been reduced bv the practices 
already rrierred to. 

-sfeeral matter, esperially calcium carbonate, 

. arum sulphate and sand may also be present 
la excess, ouing either to their deliberate 
a oition or to their too liberal emplovment in 
P^paration of the article. 

. preparations have been adulterated 

te.o-tolyl phosphate, ethvisne givcol and 
rosm the first-named of which has caused 
^^ysis among those vrho have taken it (Peter 
sisoc. 1930, 19, 94S). 

Tduferatiou. — The detection of 
^^u=i^ gjjjggj. jjj small proportion is at 
r‘ impossible, and even vrhen the amount 
r ^o--antiaI the problem is bv no means an 
because the constitnents vhicb are 
fay extraction vith alcohol and vater 
m videly varying proportions, even in 


^rent samples of the same kind of ginger 

iSi 

commerciaEy earned out. 

The most useful determinations for the detec- 
tion and estmation of exhausted ginger are 
^^b!e m ^ater, the alcohohc^ract after 
^acrion ^fh ether, and the cold-vater ex- 
tract, ^d th^ ^y ;vith advantages be snpule- 
petroleum eitract or the 
mcLbyl^alOThoI extract and a determination of 
the potash. Microscopic examination is of no 
Essi^x^re pd the taste and smeH of the sample 
are or limited utility on account of the great 
v^tions in strength of the different kinds of 
giDser, 

Xo legitimate manufacturing operation affects 
the aMlytic^ results suSdently to cause anv 
trouble, but it must be borne in mind that the 
meth^ by vhich the sample has been extracted, 
and of ,.hich the analyst is nsnallv ignorant, 
considerably affects the analvtical “results. 
(For the effect of exhaustion trith alcohol of 
differeifr strengths, ese Eveiseege, Pharm. J. 
1896, [ivj, 2, 112, and for information as to 
methods of extraction actually emploved by 
ginger beer manufacturers, etc., see Dver and 
Gilbard, Analyst, 1893, 8, 200.) 

The starchy substances likely to be added to 
ginger may be detected by the microscope. The 
misymmetrical cross observed vhen ginger starch 
is vie~ed under polarised light distinguishes it at 
once from vheat starch. 

Capsicum may be detected by the test sug- 
gest^ ty Garnett and Grier (Pharm. J. 1909, 
[iv], 29, 441), based on the fact that the pungent 
flavour of gingerol is destroyed by heating vrith 
alkalis vrhereas that of capsicum is not. 


, Standards. — The British Phannacopceia, 1932, 
requires unbleached Jamaica ginger to be used 
for off cial purposes and further requires alcoholic 
extract (90%) not less than 4-5%, cold-vater 
extract not less than 10%, ash not more than 
6% and -svater-soluble ash not less than 1-7%. 

T. ifcL. 

GINGER, ESSENTIAL OIL OF. The 

oil distilled from the rhizome of Zirmber 
qficir.ale Eoscoe (Earn. Zingiberaceee), indigenous 
to tropical Asia and cultivated in India, Java, 
West Indies, Japan and Sierra Leone. 


The 


most highiv esteemed is the Jamaica variety, 
where the fibrous roots are removed and the 
rhizome carefully peeled and scraped and 
bleached in the 'sun. The yield of oil is from 
_ to 3%. The oil is Ifrht yellotv in colour and 
hgg no pungent taste. The pungent principles 
of ginger are not volatile in steam. 

Cmstituerls. — The ma i n constituent 
egsoniterpene zirciberer.e vhich boils w. 

270^ Camphene'and pheHandrene and traces 
of citral and cineole have been detected. In 
addition the oil contains a sesquiterpene alcohol 

rfnpioero?. 

Cbarcders. — Sp.gr. 0-S76-0-SS6 at lo-o', 
_90' to —50% n“ I-4SS-1-495, ester value 
i_I2, after acetylation 30-50. 
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GINGERGRASS, ESSENTIAL OIL 


OF. The oil distilled from Cymhopogon 
martini (var sofia) Stapf (Fam Graminea), an 
Indian grass closely allied to Gymltopogoa 
martini, var motia, which yields palmarosa 
oil Large areas of gingergrass occur in the dense 
forests of Melghat, m the Pimpalner and 
Nandurbar Ranges of the Khandesh district and 
other ranges of the Nasik district The oil has a 
charactenstic odour similar to, but quite distinct 
from, that of palmarosa oil 
Censttlaents — The oil contains phellandrene, 
dipentene and d hmonene, geraniol, penlla 
alcohol and traces of carvone 
CharacUrs — Sp gr 0 900-0 950 at 15 5^, 
[q)p —29'* to +22", eater value up to 30, after 
acetylation 130-200 Soluble in 3 volumes of 
70% alcohol 

C T B 

GINGEROL V Gmoza 

Vne wi GvaVso hdt^, Vat 
maidenhair tree of Japan The yellow plum 
hke fruit affords a somewhat bitter flavour^ hut 
nounshmg food Langley (J Amer Chem Soc 
1007, 29, 1513) gives the composition of the 
kernels as HjO 15 7, protein 110, fat 24, 
starch 57 2, pentosans 1 3, other carbohydrates 
8 7, fibre 0 8, ash 2 9% The protem consti 
tuents include a globuline, ginlegain, represent 
mg 60% of the total rutrogen, an albumio, a 
protamine and a glutehn Furuk^wa (^i 
Papers Inst Phya Chem Rea Tokyo, lf04, 
24, 304 , 1935, 26, 178) obtained from the fruit 
gtnlgol, CjiHifO, and bilobal, a 3 5 dibydroxy 
pentadeccnylbenzene According to ^mi^ 
(Bull Tottoii Higher Agnc School, 1928, 1, 
105) the ash of the fnut consists of KjO 40 6, 
Na.O 8 4, CaO 4 8, MgO 7 7, Fe,0,+ALO. 
3 7, PjOj 21 6, SO, 8 3. SiO, 4 9% 

A G Po 

GIRARD’S REAGENTS —Girards re- 
agent T IS the chlondo of tnmethylacetbydra 
zide ammonium chloride, 

CIlNMejCHjCONH NH„) 
whilst the reagent P is the corresponding pyn 
dinium compound , they are colourless crystal 
lino compounds of (corr ) mp 192' and 200': 
respectively Reagent P is less commonly used, 
but has the advantage of not being hygroscopK/ 
and 13 more suited to mdustnal uses 
The reagents are prepared by treating ethyl 
chloTcacctate with tiimethylamine or pyridine 
m alcoholic solution , the betaine so pr^uced 
IS treated »n situ with hydrazme hydrate (Girard 
and Sandulesco, Ilelv Chim Acta, 1936, 19, 
95) , 

The reagents combine with aldehydes and 
ketones m presence of acetic acid, forming sub 
Btitutod bj drazones which are water soluble and 
are stable for at least 24 hours at pn 6 6-7 and 
at low temperatures , the ketoiuc derivatives ar^ 
rapid!} hydrolysed bj mineral acids m the cold 
with liberation of the ketone, but derivatives of 
aldehydes are stable under these conditions and 
are only hydrolysed on heating with lugh con 
centrations of mmeral acids, preferably in th^ 
presence of formalin This provides a ready 
means of distinguishing the aldehytlic from thf 
kctonic constituents of a mixture 


Al^l methyl ketones react almost instan 
taneously, aryl methyl ketones more slowly and 
diaiyl ketones only with great difficulty and on 
jicoloiiged heating Cyclic ketones react mote 
slowly than alkyl methyl ketones, whereas aP 
imsaturated ketones react very readily, but 
the compounds formed are somewhat difficult to 
hydcolyee , the formation of products of addition 
of the reagent to the double bond has not been 
observed Stenc hindrance exercises the same 
effect as m the formation of semicarbazones , 
Ulus, dimethylcamphor does not combine with 
either reagent T or P 

The reagents are particularly suited to the 
isolation of small amounts of ketones contamed 
m various natural products, aa, for example, of 
oestcone from unne (Girard and Sandulesco, 
Ic) and of the hormones of the suprarenal gland 
(Reicbstein, thtd 1107) 

In practice, the ketoiuc material dissolved m 
alcohol contaimng 10% of acetic acid is heated for 
30-60 minutes with the reagent in slight excess, 
the volume being adjusted to give a 10% (or 
6%) solution of the reagent The cooled eolu 
tion 19 diluted with ice water contamme enough 
alkah to neutralise tune tenths of the acid, 
the solution remaining acid to Bromothymol 
Blue and containing 10-20% of alcohol It is 
extracted with a non hydroxyhc solvent such 
as ether, which does not dissolve the compounds 
formed, and the latter are then decomposed by 
the addition of mineral acid up to a concentra* 
tion of 0 5N 

garb 

GIROFLi{r Vol I, 677a) 

GITALIN (V Vol II, 384c) 
GITOXIGENIN (V Vol 11,382) 
OITOXIN (r Vol 11,3846) 
GLASERITE(ti Vol 1,460.5) 

GLASS Historical. — Excavations m 
' ®gypt Mesopotamia have yielded fragments 
that suggest that the peoples of these lands had 
some knowledge ofglazes, if not of glass as such, 
89 far back as 3000-4000 B C , and a thousand 
years after this a good deal was known about the 
making and manipulation of glass The oldest 
piece discovered 18 stated to be a “ pearl, 
9x6 Smm , from a grave in Thebes of c 3500 b c 
Sir Flinders Petrie gives the date of the earliest 
glassmaking as 1600 B c and certainly by c 1600 
BC a fairly high standard of techmquo had 
been acquired in the making of “ pearls,’ some 
of which were engraved, and small vessels, these 
bemg made by coating a core of clay and sand 
with glass and then removing the core The 
oft quoted tale of Phny that the discovery of 
glasamaking was made by certain Phcenician 
travellers who used a bag or bags of alkah as a 
support for a cooking fire m the desert is not now 
credited, Babylonia being considered by Sir 
Flinders Petne to be the home of the art A1 
though remarkable as an achievement, early 
work was crude, but when the use of the blow* 
pipe was discovered, probably in Sidon (c 3® 
BC). a great leap forward was made Sixty 
years later, workmen from Alexandria were well 
established in Rome and turning out filigree, 
mosaic and engraved work, and coloured glass 
was also known by this time The Portland 
^ase, with designs in white on a deep blue base, 
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t>£lon^ to the period of A. Severus a d *^^0 
Evidence of the use of uindo^ gSs hS' 
oiscorerOT in the rains of PompeiL destroved 
c. i.D. 70, and it is mentioned bv L A' L 
Finnianp in_2O0^ trhflst St. Jerome aDnde^ to 
cast plate glass in this connection. There 
•5^ a TOloimless -srindoiv in a Constantinople 
. -^oO. and the first decorated one rvas 

m the Lateran Church in Rome in 795. A small 
amount of glassma^g may have been carried 
Britain during the Roman occupation 
though inclusive proof of this is not avafiable. 
In the thirteenth century, the centre of the art 
moved to Venice, vhere, at ilurano, the in- 
dustry fiourished under State protection until 
It vras killed by the rise of the English lead 
crystal-glass totrards the end of the seventeenth 
renturv. The privileged position of the Corpora- 
i..on of Glassmakers in Venice vras such that 
nobl^ could trithout loss of rank marrv 
daughfers of glassmakers. Heavy penalti^ 
vere incurred by Venetian glassmakers tvho 
vent- abroad and taught their art to foreigners. 
The earliest reference to English glass is to some 
applied in 1240 for Westminster Abbev bv 
Laurence Vitreamus de Hunkshurstlonde, and 
another, not very complimentary, is in 1439, 
trhen the Countess of V artrick prescribed that 
Eo English glass should be used in the tvindotrs 
oi the Beauchamp chapel at Wartrick. The 
^sjjf coal in 1610 by Thomas Percival and in 
1635 by Sir Robert ATansell, vho obtained a 
mono poly for this, and the development of lead 
cvstal-giass by Gfeorge Ravenscroft in 1675 
rise of the English branch of the art. 
Workers vere introduced fiom Venice and 
decoration by cutting vas practised by others 
iCTaght from Bohemia and South Germany at 
the beginning of the eighteenth century. The 
biilli^t eSect produced on lead glass bv cu t tin g 
TOntributed to the decline in demand for the 
Venetian ivare. In 1696 there was a vigorous 
indnstiy distributed according to Houghton 
as follows : ma krnc- bottles, 39 
factories ; flint, green and ordinary glass, 27 ; 
Tvin^w glass, 15; crown glass and plate, 5: 
looking g la ss plate, 2. London was the chief 
centre of development, whilst 27ewcastle-on- 
Tyne was probably next in order of importance. 
The first large English factory for making cast 
gfsss was erwrted near Prescot in 1773. 
though the proems as we know it originated 
with-LucasdeNehou in France in 16S-S. RngTi-b 
pressed glass, first made in ISIO, was another 
Continental makers. Progress from 
this time was connected more and more with the 
mechanisation of the trade. The first practical 
bottle-hlowing machine was invented by Ashley 
and Amall (BT*. S677 of July 2nd, 1SS6), and this 
led in 40 years to the most revolutionaiy changes 
m methods. The PTlnKee-HnT^ Tit- TTrerlei-ie Sie- 
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m methods. The application by Frederic Se 
mens in 1S56 of the principle of regeneration to 
■'vaste-heat recovery, modified firmace-desigii, 
and 12 years later mass-production methods 
went forward again, when he built a tank furnace 
E^ead of a pot furnace, as had been the practice 
hitherto. Tlis enabled melting and working to 
go on simnltaneously, so that prodnetion could 
be maintained for 24 hours per day. 

In the flat-glass indu stry, much progress has 


been i^de m the past 40 years. The Lubber’s 
meiod developed from the old mouth-blown 
^Imder process, good though it was, has b»en 
entirely superseded by otheri in which the S 
t ^wn contmuously either straight up, or else 
firei. upwards and then horizontalTy, bv suitable 
mec^msm (sse !afer). In the application of 
machines to glassmakmg generafiv, America 
played a predominant part, although the 
basic id^ in several cases was British. STo 
l^i^g of note was carried on in America 

The appheation of scientific methods to glass 
m^nnfactnre mav be said to berin, not ^th 
Abte Md Schott as is nsnafiy ''claimed, but 
mth the Eev. Vernon Harcourt, some vears 
earher. In 1S.34 he carried out a considerable 
amoimt of work on the relation of glass com- 
I»sition to physical properties and showed 
the value of borate and phosphate glasses for 
optical purposes. Jlichael Faraday also gave a 
good deal of attention to optic^ glass, and 
realised quite well the need for making experi- 
mental meltings in platinum vessels “and for 
stirring carefhUt' to ensure homogeneitv suffi- 
cient to arrive at optical constants. Abbe and 
Schott carried on similar work later, and 
founded in 1SS4 with Zeiss the famous Jena 
ivorks, from which came, as a result of their 
collaboration, thermometer glass, heat and 
chenucal-resistiDg glass, and those newer 
optical glasses that have made possible greatly 
improved microscope lenses (apochromats) and 
the fast modem photographic objectives. On 
the practical side, however, the father of the 
optical glass industry may be r^arded as P. L. 
Guinand. a Swiss, who with Fraunhofer and 
Utzschneider in ilunich produced lenses larger 
than any made hitherto. As early as 1790“he 
introduced the process of srirring ^ass in order 
to obtain homogeneity. 

As the result of the war (1914—18), glass- 
making has developed in a number of new 
centres. In both Great Britain and America 
chemical glassware superior to the German pro- 
duct has been produced, and marked progress 
has been made in England in optical glass of 
high quality. Japan has buiit up an extensive 
glass manufacture, and India is making deter- 
mined efforts to organise on a better footing the 
numerous small factories catering for local needs. 

Tn South Africa, Brazil, the Argentine and 
Australia, considerable development has taken 
place in recent years. Austrah'a in particular 
among the overseas members of the British 
Commonwealth is rapidly becoming almost self- 
supporring in her glass productiou- Russia is 
another country in which very great expansion 
and modernisation of the industry has taken 
place during the last twenty years. 

Definition. — Owing to its complexity and to 
the large number of possible varieties, glass 
cannot be brought adequately within the scope 
of a single or simple definition. It may be de- 
fined as“ an amorphous, hard, brittle substance, 
usuallv transparent, but sometimes translncent 
or evm opaqne, breaking with a conchoidal 
fracture and consisring of a material obtained 
I by the fhsion of one or more of the oxides. 

I silica, boric oxide, phosphoric oxide and the 
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metalhc oxides, followed by sufficiently rapid 
cooling of tie fused mass to prevent cryst^ 
sation of the components The glass may be 
colourless or may be coloured either by one or 
more of the constituent oxides or from fiie eflect 
of neutral bodies such as carbon, sulpbur and 
selenium Accordmg to the definition, glass, 
bemg amorphous, will be isotropic There are 
some substances, however, which, m certain | 
optical instruments, serve as glasses but are 
amsotropic in character, and have properties 
diffenng in the directions of their crystaDo 
graphic axes Such crystallme substances in 
common use are quartz and calcspar, or Iceland 
spar 

Host glass technologists regard the term glass 
as denoting a stale rather than any given sub 
stance, and of course many normally crystallme 
substances like felspar and quartz can be con 
verted by fusion into glasseo, and back from 
glasses to the crystallme state by suitable beat 
treatment Developments m what have come 
to be called Synthetic Plastics have led to some 
extension of the field covered by the term 
glass The two materials jnorgame (or pyro 
geiuc) and organic glasses ( ‘ plastics ’ ) each 
have their own special fields of economic use 
fulness and only compete over a very nairow 
range 

Properties of Glass — From their mode of 
preparation, ordinary glasses must be considered 
as mixtuiea of compounds, usually of aibcates, 
but also of borates and, m rarer cases, of phos 
phatea and amnatea A study of the freezing 
point curves or equilibrium diagrams of binary 
and ternary mixtures of silica with other basic 
oxides bos been the most fruitful source hitherto 
of our knowledge of these compounds probably 
present lo silicate glasses (see, tor example# 
Hilpert and WeiUer, Per 1909.42,2969, 1910, 
43, 25G5 Day and Shepherd, J Amer Chem 
Soc 1906,28,1,089 Rankin and Merwin, tiuf 
1916, 38, 668 H S van Klooster, 7 anorg 
Chem 1911, 69, 122, 127 Shepherd, Bankiit 
and bright, Amec J Sci 1909, 28, 293 
Rankin and R’nght, iJid 1915, 39, I Fer- 
guson and Merwm, Amer J Sa 1918,46,617 
Morey and Bowen, J Phys Chem 1924, 28, 
11C7, J Soc Glass Tech 1925, 9, 226 
G Morey, T C Kracek and N L Bowen, 
J Phys Chem 1929, 33, 1857, J Soc Glass 
Tech 1930, 14, 149, i6«d 1931, 15. 57 F C 
Kracek, J Phys Chem 1930, 34. 1583, 2461) 
BaDace (Trans Ceram Soc 1909-10, 9, 172) 
and others have claimed that some of these eili 
cates, such as sodium and banum metasiiicatea, 
lithium and sodium metasihcate and eodmm 
'iminium tnsilicate and calcium alomimum 
silicate (albite and anorthite) form continuous 
w of solid solutions, and certain others, 
as Lthmm and calcium metasihcates, are 
ible only to a limited extent in the solid state, 
but their work has been questioned 
On rapid cooling, the viscosity of the masa 
increases greatly and the mixture at length sets, 
not at any definite temperature, but over an 
interval which is not easy to define with pre 
cuion On reheating, it also softens gradnally, 
and has no melting pomt Accordingly, the 
commonlv prevailing view is that glass is to be 


regarded as a super cooled liquid of extremely 
bogh Tisccsity. It IS the high viscosity which is 
the most important factor in preventmg the 
separation m the crystallme form of the com 
pounds present, although it has been suggested 
that even m apparently transparent glasses, 
incipient crystalhsaliou may exist, thus explain, 
mg, for example, the phosphorescence of fused 
zme silicate and bringing glass into Ime with the 
behaviour of certain other amorphous sub 
stances, such as sulphur, which tend to revert 
tothestable erystalhne state (see Jackson, J Soc 
Arts, 1919 , S C Bradford, J. Soc. Gla^ Tech 
1919, 3, 282) 

W H Zachatiaaen. (J Amer Chem Soc 1932, 
54, 3481 , Phys Rev 1932, 39, 185), B E 
Warren (J Amer Ceram Soc 1934, 17, 249, 
1935, 18, 269) and others, as a result of X ray 
studies of simple transparent glasses, suggest 
that the random network theory of distribution 
of the atoms m glass gives the best explanation 
of its behaviour They are reluctant to admit 
the possibility of definite compounds occurring, 
whil^ other workers, finding marked breaks 
m the physical property-composition curves, 
claim these as evidence of the occuTTence of such 
compound, leading to the view that molten 
glasses are solutions of the compounds cha 
raclerised by the equilibnum diagram for the 
particular system In certam cases, e g opal 
and ruby glasses, X ray evidence is quoted ns 
proof of definite substances bemg present, NaF 
and CaF, in opal glasses, and CdSe in selenium 
rubies (J W Ryde and D E Yates, J Soc 
Glass Tech 1925, 9,226, H P Reoksby, »6id 
1932,16, 171) 

The general statement made above, in regard 
to the settmg and the softening of glass, is not 
intended to imply that these processes are 
absolutely contmuous A Q Tool and J 
Valasek (Bureau of Standard Papers, 1920, 
No 358), indeed, have shown that there is 
distinct diiscontinuity in the heating curve of a 
glass when softenmg begins, due to shght heat 
absorption, and a corresponding heat evolution 
on cooling 

Although ordinary glasses consist of mixtures 
of compounds, the properties of glasses can, with 
a considerable degree of success, be referred to 
the influence of the constituent oxides or added 
substances, indeed, in some properties there 
appears to be an ed^tive relationship, as in the 
case of the density and the coefficient of ex 
pension of sodium-calcium silicate glasses which 
are of similar molecular type It must be 
stressed, however, that the use of relationships 
! mvolving " factors ’* for the oxides present m 
the glass is liable to give calculated results at 
variance with values determined experimentally 
if the composition involved differs in type from 
those from which the factors were deduced 
G Gehlhoff and M Thomas (Z tech Physik, 
1926, 7, 105, 260) gave a senes of factors for 
each oxide studied in their simple glasses in an 
attempt to correct for the fact that n change 
m amount of a given oxide from, say, 2-3%, 
does not produce the same alteration in proper 
ties as one from 7 to 8%, but their data still lead 
to values very far from the truth if indis 
cnmmatelv applied The following important 
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F^port’c? arc dl*ct:=jed mainir oa th<' ba^is o'" 
tbe e5ect of the coastitacat oiidef. 

Durability. Resistance to dLdatecratinn 
aqceons solctions of 
alkaL's. atmospheric moistcre 
dnst mast be pos=cs-ed bv a ^Liss Lf it 
IS to be capible of service. Borate classes and i 
pCi^Late cl-*s^es, sshilri pos=esrinc vainable i 

Ltflc 


ncal properties, have hitherto been 
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■nsed os^~ to instabilitr in the presence of 
'svcat.hennc agents. 

- B"r<ih\Ulij mav he made on the clas- 

m the .orm of grains or on the glass articS a^ 
In the latter case such factors as th° 
nature of the surface and the ratio of surface ei- 
poseo to the volume of attacking liquid become 
important. Tne manv varieties of povder test 
nre indicated in lable L. In all snefc. tests tbe 
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I 
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grains should be of vrell annealed glass and 
E-ou2d be freed from adherinc Hue dust by 

jdth dry air and then vrashinc •tritli dry 
alconol until no turbidity is produced, otherarise 
gFsat di£culty vriH be experienced in obtaininc 
concordant results (W. E. S. Turner and F. 
’VFiife, J. Soc. Glass Tech. 1526, 10, 102). A 
boiling test has been speciSed. bv the Glass 
Standards Committee of the Societv of Glass 
Tecrmology for containers in the form of 4 oz. 
m^ical bottles (i^d. 1931, 15 P, 52) and results 1 
of its application described bv W. E. S. Turner. 
H- S. Blackmore, T. Dimblebv, H. S. A'. Gill, 
H. -n*. Ho-es and TV. J. A. w£rren (mid. 1935, 
19, 111), The results of durability tests are 
generally speciSed either as percentage loss in 
V. tight or as N a.O liberated in mg. per so. dm. 
or per so. cm. for surface tests and as Na.O% or 
trfal Na.O extracted in p^der tests. Eor flat 
&2SS, €.7. vrindovT glass, tvrin cells are built up by 
G. Keppeler of three plates and tivo separators 
t^*i_^ogether to make tight Joints and the attack- 1 
mg liquid is placed in the two cells. For glasses of ' 
low durability the method ofE.3IyIra5(Z.Ihstni- i 
mentenk. ISSS, 8, 267) uses a solution of 0-5 g. 1 
O- punSed iodeosin in a litre of ether firee from 
acid decomposition products to attack a flrashly < 
hroksa suifece for 1 minute. After rfrising in ^ 
d^ ether, the precipitated dye is washed ofr e 
■'jlh 0-1% Na.COj solution and is deter- ( 
mined colorimetfically asainst a standard solu- 1 
tiou containing 0-01 mg. iodoesin per ml. On t 
this basis AMius divided glasses into five { 


! “hvdrolvtic classes ’Vij AjprecipitatinsO-OO-O-Oo 
O-OVO-l', 0-1-O-2, 0-2-0-4 and 0-4-0-S mg. 
■ iodoeosin per so. dcm. respectively. The 
flnures for solution from hollow ware of the five 
classes were, at S0% O-CO-O-fh?, 0-02-4)-{)6, 0-061- 
0-202, 0-202-0-S09 and >0-S09 mg. per sq. dcm. 
The test does not work so well with borosflicate 
or glasses containing BaO, PbO or 2inO. A 
qualitative test that on th& Continent has been 
considered as a quantitative one is that described 
1 iy L. Kroeher (Chem.-Ztg. 1914, 38, 1196) 
uknn 0-1% solution of narcotine hydrochloride 
(see ciso J. Soc. Glass Tech. 1923, 7, 122). The 
quantity of alkaloid predpitated depends on the 
amount of alkali hTierated by the container. 

For testinn ampoules a British Fnarmacopceia 
Sub-Committee speeny a powder test and one 
carried our on the ampoules themselves. The 
latter consists of fifling the ampoule with a solu- 
tion of ilethvl P.ed containing S-3 ml. of 0-02 
A’-HCl per litre, prepared according to precise 
directions, sealing and heating in steam to 
1 atm- pressure ~for 30 minutes, cooling and 
1 inspecting. The colour of the indicator must 
! not have changed to the full yellow. 

The results S powder tests are given in Fig. 1 
^er T. Dimhieby and TV. E. S. Turner (I.c.) 
•which compares the behaviour of -various oxides 
oa a molecular basis and in Fig. 2 after -J. Ensz 
(Glastech- Ber. 1923, 5, 1) on a -weight per cent, 
basis. The eflect of container-size on results 
of the 5 hour hofling test for medical bottles 
(Ij:.) is apparent from the foIlo-wing table. 



2 6 10 14 18 

t o/ecules ptr 100 of S 1 O 2 

Fio 1 — ErracT of Vabioos Oxides ok 
D tnuumrf op Glasses ofGekebalTtfb 
(Molecdlab) 6S{0,(2-*)Na.0 »RO. 


The percentage composition of tatioos bottle 
glasses (4 oz medical bottle test) are given 
below 


OUm I 

SlO, 

o’ 

c»o 

N»,0 

6,0, 

lAlksU 

' «T 

tncted 

tng 

1 N*,o 

A 

74 7 

1 03 

95 

14 9 

_ 

1 207 



0-8 

76 

16 2 

07 

! 1 76 




88 

17 7 





05 

91 

17 5 


1 39 


lot the powder test aeconlinc to the mettind 
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results for ordinary glasses in. agreement with 
those of other methods nnless the pressures 
used are rery Iott. 

Viscosity is measnred by the faHins ball 
method (L ilasson, L. F. Gilbert and H, Bnckley, 
J. Soc. Glass Tech. 1921, 5, 337; 1932, 17, 43 ; 
A. B. Wood, Ann. Fhysik, 1934, 21, 761), 
31aignles rotating cylinder methcid (F. W. 
Washbnm and G. E. Shelton, tJniv. Ulinofe 
Butt. 1924, 12, Xo. 33 ; S. Fnglfsb, J. Soc. Glass 
Tech. 1924, 8, 205; 1925, 9, 83; Physical 
Eev. 1930, 36, 347) and by drairing out a plati- 
num Tivire at constant speed from the glass 
(V. H. Stott, E. Irvine, D. Turner, Proc. Eoyal 


Soc. (London), 1926, A, 112, 499). Viscosities 
greater than 10® poises are measured by ob- 
serving the rate of deformation of a test* piece 
under some force, e.g. torsion, extension under 
load (S. En gl is h , J. Soc. Glass Tech. 1923, 7, 25 ; 
H. B. Lillie, 3. .^er. Ceram. Soc. 1931, 14, 502). 
Much g-stematic work stifl needs to be done to 
amplify- present knowledge. The effect on 
viscosity at 1,000= of replacing Na^O by CaO, 
MgO, AI2O3 in the glass 2Na20-6Si0,*is given 
fay S. Eng h ' s h as in Fig. 3, and the same tvorker 
(i.c. 1925, 9, S3) found in four component glasses 
derived from Na^O — CaO — SiO, glasses that 
various substitutes had the effects listed faelov. 


Eeplacement cf 

Change in viscoaty. j 

. . 1 

liimit of , 
applicahilitr. ■ 

1,400=0. 

1,300=0. 

1,200=0. 

1400 = 0 . 

i,ooo^c. 1 

900=0. 

l%Na,0 bvl% SiO, 


mm 

-f 0-072 


4-0-101 1 

4-0-120 


l%Na„ObVl%Cad 


-i-0070 

-t-0-062 




9% CaO 

1% MgO by 1% CaO 

-1-0-097 






1-0% MgO ' 

l%AI, 03 bvl%Ca 0 

1 -0-034 

i 

-0-024 

Hi 

IB 



2 %AU 03 


ilagnesia replacing lime produc-es at tempera- 
tures between 800= and 1,400=0. a definite de- 



Fig. S.-^Etfect of Vaeious Oxides ox 
Viscosixv OF Glass. 

crease in viscosity to a minimum (in English’s 
series of glasses at approximately equimolecular 
amounts of MgO and CaO) and alumina re- 


placing lime gave a steady rise in viscosity at 
1,400=, but a well marked drop to a minimum at 
1,000= and 800=, this being located at 0-1 mole- 
cules AljOj. For a comparison of approximate 
viscosity values for different types of glass, see 
Table HI compfled from the data of-C. L. Bab- 
cock (J. Amer. Ceram. Soc. 1934, 17, 329; cf. 
H. L. Crook, 3. Soc. Glass Tech. 1939, 23, 82). 


Table IIL — ^Viscosrrr. 



II 

0 

3 

•* 

5 

6 

SiO. . . 

72-6 

67-3 

81-0 

75 

65 

60 

B-Oj . 

1-4 

2-0 

13-0 

15 

— 

— 

Ni-O . 

16-0 

14-0 

4-0 

5 

7*5 

5 

K.C) . . 

0-7 

— 

— 

— 

7*5 

5 

KiO. . 

1-7 

— 

— 


— 

— 

C 2 O , . 

6'4 

7-0 



— 

— 

ZnO . . 

— 

7-0 


— 

— 

— 

PfcO . . 

— 


— 

5 

20 

30 

AJ-O 3 . 

1-0 

2-5 

2 

— 

— 

— 

log y at 
=C. 

750 

6-3S 

6-47 





S50 . 

5-30 

5-01 

— 

— 

— 

— 

1 

•{'OS 

3-63 

— 

— 

1-22 

1-S2 


3-45 


1-44 

1-25 

1-00 

1-54 

1 E 

O.JIO 

2-51 

1-27 

1-04 

Em 

1-29 

lisoo . 

2-46 

2-01 

1-14 

' 

0-S7 

0-65 1 

1-14 


The deformation of glass under load is a func- 
tion not onlv of temperature but of time as 
shown by E. fechimmer (Silikat-Z. 1914, 2, 129), 
■who found the cohesion temperature for two 
polfrhed flat ctiscs of glass fell fium 611=C. for 
1 minute heating to the following values : 
585= (20 minutes), 574= (50), 567= (100), 564= 
(ISO), 553= (S40), 540° (1,440). Adopting a 
30 minute heating time, he found the cohesion 
temperatures of various optical glasses to be: 
flints 450-500=, silicate crowns 300-350’, boro- 
silicate crowns 350-600=, barium flints 600-650=, 
barium crowns 600— 70d‘C. J. T. Littleton (3. 
Amer. Ceram. Soc. 1927, 10, 259) defined the 
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“ softening point ” of a glass as that temperature 
at -which a tod 9 in long by 0-6 mm Pamela 
elongates under its own weight at the rate of 
1 mm per mmute when its upper 9 5 cm of 
length 13 heated m an electnc furnace Tha 
corresponds mth a viscosity of 4 5 x 10’ poises 
The Joint Technical Committee of the Society 
of Glass Technology and the Deutsche G)as 
technische Gesellschaft recommended that the 
maximum point Mg on the thermal expansion 
curve be taken as the softening point This may 
perhaps be regarded as the incipient softening 
point corresponding with a viscosity of 10'*— 10’* 
poises Morey (“ ftoperties of Glass,’ London, 
Chapman and Hall, Ltd , 1939) considers 
Littleton’s defimtion agrees better with the 
usual conception of softemng 

Viscostt^ tn Jitlalton to Mampuhtlton of 
Qlasa — The rate of change of viscosity with 
temperature is veiy important in glass working 
Soda bme sihca glasses containing a high per 
centage of lime (12-14% CaO) set very quickly 
as the temperature falls They are thus smled 
to hand production of bottles and the drawing 
of sheet glass Mechanical bottle production 
requires a glass with less rapid setting character 
istics or a longer " working range so lime is 
replaced by alkali and to acme extent by mag 
nesia whilst a little eihca is sometimes replace 
by alumina Where complicated manipulation 
m hand processes is earned out as m ma^g lead 
cmtal tableware, the very large working ran» 
of the potash-lead glasses is exploited The 
temperatures corresponding to toe foUo-wing 
viscosity values are of importance in maoi 
pulstiOQ 10’ COS units (average famace 
working temperature), 10* CGS units (lower 
limit of working range), and approximately 
10” CGS units (the temperature at which 
a break occurs in the temperaturo-property 
curve) 

Surface T ension is of importance in several 
manufactunng processes, notably m the heating 
of thm walled vessels, e g melting off the caps 
didie^inc'iamp'odlo'OiadKs seaung ine pinto 
assembly into the bulb, fire finishing tumbler 
edges Most of the somewhat scanty and un 
systematic work done has been by tbe drop 
weight method which gives rapid and com 
parable rather than precise values (E W Tillot 
son, lud Eng Chem 1011, 3 631 , 1912, 4, 
G61), but recently the bubble method has been 
used (F M Jaeger, Z anorg Chem 1929, 101, 
1 C W Parmeleo and co workers, J Amer 
Ceram Soc 1937, 20, 224, 235 , J Soc Glass 
Tech 1937, 21 44, Umv Hhnois Ball 1039. 
36, ho 311 G Keppeler, J Soc Glass Tech 
1937, 21, 63) Considerable discrepancy of 
results exists between observera The best 
values for ordinary sihcate glasses are around 
300 dynes per cm Tbe temperature coefBeicnl 
is low, namely —0 01 to —0-(W% per *0 Borate 
and lead glasses have s lower sorfaco tension 
than alkali or alkaline earth sihcates 
DensU-y or rather Specific Volume » on 
approximately additive property so that factors 
may be assigned to be used m the Winkelmann 
formula 100/D-.P,/J.+Pj/d,+. etc. where D 
u the density of the glass. P,. P^ . the per ' 
_ ec ige amounts of the constituent oxides and , 


d], efj, fhe density factors assigned to them 
The various factors deduced are given below 


Oxide 

Wlnkel 
Qtann and 
Schott 

BaiUle 1 

English 
and 1 
Turner 

TtUaUon 

SlO, 

23 I 

2 24 ! 

22 1 

23 

B.O, 1 

19 1 

— 



— 

NajO 1 

26 

32 

3 47 



KjO 1 

28 







MgO 1 

38 

3 25 

3 38 

40 

CaO 

33 

43 

1 6*0 


ZnO 1 

59 



1 

1 — 

BaO ' 

70 



1 — 

1 — 

PbO 1 

96 






41 

2 76 

1 2 76 

1 2 76 

P.Of 

2 55 

— 

— 

— 







Delemimzhon — (1) Displacement method of 
Archimedes , (2) dotation of grams in mixed 
liquids adjust^ until the gram neither sinks 
nor floats, followed by a determination of the 
density of the bqmd (capable of high precision 
and apphcable to very tfmall amounts), (3) 
pyluometer method (hable to error from en 
trapped air) 

Past thermal history affects the density GW. 
Morey and H E Merwin (J Opt Soc Amer 
1932, 22, 632) found that differences of 0 006- 
0 011 occurred between well annealed specimens 
and those which had been quickly cooled, the 
former having the higher values To reach the 
maximum density a few hours annealmg at 200> 
30(P below tbe temperatUTe of “ incipient 
flowage was found necessary Little is known 
of tbe density of glass at temperatures beyond 
the softemng point S H Li (Umv Bhnoia 
Bull 1924,1^0 HO) gave the following 


I I I Density at 


SiO, 

N40 

CaO 

• 

1 200’C 

I 454'C 

82 6 

17 4 



2 19 

216 

70 0 

30 0 



2 42 

2 41 

600 

400 



2 28 

2 35 

630 

13 6 

23 4 

261 

2 59 

700 

20 0 

100 

2 26 

2 20 

70 0 

10 0 

20 0 

231 

2 23 

72 25 

16 1 

12 1 

2 28 

2 23 

736 

16 5 

10 0 

231 

228 


W H&nlem (Glastecb Ber 1932, 10 126) found 
a drop from 2 28 at 800® to 2185 at 1,400®, 
wbdst O Heidtkamp and K Endell (ibid 1936, 
14 . 89) found a drop from 2 27 at 1,000® to 2 22 
at 1,400" for a 20% Na,0 and from 2 26 to 
2 14 for a 60% Na^O soda sihca g l ass Stt aUo 
I Sawai and S Inoue, J Soc Chem Ind 
Japan, 1910. 43. 47B 
The densities of the system 

Na,0— CaO— SIO, 

according to F C 0 Glaze, J C koung and 
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A- X. Finn (Bnr. Standards J. Ees. 1932, 9, 
795} mav te represented Isv tiie fonnnia 

IfD^cAd-^eBd-yCd-'/C- 

■triiere A, B and C are the percentages of SiO„ 
Na,0 and CaO respectivdv, and ^ P,y and y' 
are “ constants ’’ cliosen accordins to tie 
foUoTdng table : 


SHioa 1 
limits 
per cant, j 

cXlG^. 1 

i 

1 

j 

^xicd j 
1 

yXlCf*. 1 

/xlO®. 

[ 

S'J-A:*. 

4-252 ; 

1 3-537 i 

‘ 2-545 j 

} 3-0 

A^— A 5 - , 

. 4-3023 

3-4623 1 

2-500 

I 4-0 

Air-Av- - ^ 

' 4-3922 i 

i 3 - 2 S 72 j 

2 - 2 S 5 1 

I 5-0 


, 4 - 540'0 i 

i 

; 2 -S 460 I 

‘ 1 

; i 

1 -S 44 

1 14 -S 


* 55-t - 0-22.: t: CsO) -r 0-032^='; CaO)-. 

Ai = 65-3 -i-O-ISt'-CaO)— C-COtt % CaO)A 
At= 74-5 -0-Q17{ tiCj.O)!. 


Tie densities of a nnmber of glasses are given 
in Table TV (p. 544) viich also incindes optical 

d — I .n. 

Thermal Expansion is measnred by tie ex- 
pansion of a rod relative to a comparison speci- 
ment of fcnavm beiarionr (Cievenard metiod 
csed by Tnmer and TVinis, J. Soc. Glass Teci. 
1523, 12, 57} using an optical lever system; 





10, 551 ; 1929, 12, 760), namelv SiO, 05, B,0, 
(np to 12%) 6-53, Na,0 41-6, k,0 39-0, 
MgO 4-3, CaO 16-3, ZnO 7-0, BaO 14-0, 
PfaO 10-6, AljOj 4-0, all multiplied bv 10-®. 

These are nsed in the formnla c=Oij)j-pa^2 

cviere a^, a, are the factors for the orides*" and 
Pi, p, . . . the percentage amounts present, 
replacing the cl^sic ones of Winkelmann 
and Schott. The existence of definite change 
points on the expansion curves 'belotr "is 
reported by Turner and Winks (Z.e.), A. KleinTn 
and E. Berger (Glastech. Ber. 1927, 5, 405), 
E. Seddon and W. E. S. Turner (J. Soc. Glass 
Tech. 1933, 17, 324), but questioned byj. T. 
Littleton (wid. 1931, 15, 262). The past thermal 
history undoubtedly affects behaviour in this 
range. J. B. Saunders and A. Q. Tool {Bur. 
Standards J. Res. 1933, 11, 799) found for a 
Pyrex glass that the linear expansion between 
20 and 200" could be altered 10% by heat treat- 
ment in the range 450— 750“C. In general, quickly 
cooled glass has a higher expansion up to some 
temperature below Tj (called Dj by Turner and 
Winks, see Fig. 4) than that of a well annealed 
specimen- Values for the linear expansion co- 
eSdents cXiO* of some industrial glasses are 
Pyrex glass 32-36 (between 21-47FC.), Jena 
a§irr 54. (35-522'^), Jena laboratory ware 43 (19- 
414"), gauge glass 46, bottle glass 82-SS (20— 
lOO'"}, plate glass 33 (0-400^^), lead crvstal ^ass 
33. 

When two glasses have to be sealed together 
as in lamp-working or the casing of coloured 
glass on a coIoutI^s base, or when wires are 
sealed into glass, not only should the expansion 
coefficients- of the two substances agree fairly 
welL bnt there should be matching of the cha- 
racteristics over the annealing range of the 
glasses (W. E. S. Turner and P. Winks, J. Soc. 
Glass Tech. 1928, 12, 25, 57. 161 ; A. W. Hafl 
and E. E. Burger, Physics, 1934, 5, 334; C. J. 
Miln er, J. Soc. Gl^ss Tech. 1939, 303). 

The success of the sealing operation depends 
upon the angle of contact of glass and metal 
and on the nature and thickness of the latter. 
When two glasses are sealed together the thick- 
ness of the two layers (as in fiashed or cased 
opal) is of importance. 

Specific Heat is more nearly an additive 
propertv thp.-n anv other. A. Winkelmann (Ann. 
Phys, Chem. 1393' [in] 48, 40I)ga veas the relation 


Fig. a — T- w??n.rii.T.. ExPixsios- Crsvss. 
STBAXsirD SsECSHsnr Shovtx Dotzsd. 


r r r 

^ 100 100 ' 


bv interikromster methods (C. G. Peters and 
C". H- Cragoe, Bur. Stand. Sd. Papers 1920, 
Xo. 393 ; E. Wenig and E. Zschimmer, Sprech- 
ggal- 1929, 62, 353) or by mercury in a glass 
volumenometer (S. Ensfeh and W. E. S. Turner, 
J. Soc. Glass Tech. 19l9, 3, 23S). The form of 
the exnansion curve is shown in Fig. 4 firom 
Turner' and Winks {!&fd. 1930, 14, 90), the lowest 
curve being that of a highly strained specimen. 
The expansion in the annealing range is ffom 2 to 
11 times the rate in the lower range (Peters and 
Cracoe, J. Opt. Soc. Amer. 1920, 4, 105). Below 
the lower annealing temperature Tj the linear 
exnansion may he calculated by the factors of 
riJ-rTi-h and Turner (J. Amer. Ceram. Sac. 1927, 


, . are the percentage amounts 
oxides present and CjC, their 
The latter he gave as 
0-2272, P.Oj 0-1902, 
0-1S60, Ll,0 0-5497, 
0-0673, ZnO 0-1243, 
^ 0-2439, ALO3 0-2074. 

Thuret (J. Soc. Glass Tech. 1935, 20, 6S0) 
the mean specific heat of fused silica as 


rhere pjPs • 
if individual 
peciSc heat factors, 
sro, 0-1913, BjOj 
^13,0 0-2654, K,0 
:aO 0-1903, BaO 
3faO 0-0512, MgO 


Cja — 


uf-f-Co, 

WfT 


where g— 0-4579 x 10^, 5— l-4i4/xl0^ , ^Co 
0-1633 and i=temper3tnres between l^iOO' and 

-n2,600=C- 
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edges of teat rods m (2) above gave much less 
scattering of results, and R W Douglas {ib%d 
1936, 20 517) pomted out the effect of shape m 
setting up thermal stresses even in well aimeided 
lUununatmg ware He favoured dropping water 
on such specimens under service conditions For 
testing tubmg he recommended forcing cold 
mercury into the heated tube as giving closer 
agreement with behaviour in practice than water 
immersion tests 

Effect of Composition — In test (1) above 
chemical ware beakers withstood a temperature 
shock of 239-20d°G whilst beakers of sheet glass 
withstood only 126^0 In the rod test, a com 
mercial lime soda glass gave values of approxi 
mately 131% 125® and 116® for diameters of 3-4, 
4-5 and 6-6 mm respectively, whilst a “ soft 
soda ’ glass as used for lamp working gave m the 
eamesi^e groups values of 112®, 104® and 96® and 
a commercial borosihcate glass gave values of 
325®, 308® and 285® 

Optical Properties — Refractive Index is 
enerally expressed for the mean sodium (D) 
hne (6,893 a), but the mercury Iinei A(4,047 a), 
ff(4 368), hydrogen G (4,341), F(4,861), 0(6,563), 
hebum (4,922), 6(7,065), d(6,876] and potassium 
A'(7,682) hnes are also used For optical com 

J iutation the differences in the refractive mdices 
or various wave lengths is needed and this is 
expressed either as a direct difference, e g 
nr— nc often written F— C or as the quantity 
l•K(no— l)/(nr— ne) Optical data on simple 
glass systems are not very complete, most accu 
rate measurements having been made on special 
glasses for optical purposes For a senes " 
of glasses of the same type, refractive index and 
density move m parallel Specific refractivity 
IS given by the foUowmg formula Gladstone 
and Dale (n— l)/i, Lorentz and Lorenz 
(n*— l)/(n*+2)d, Eykman (u*— l)/(n+04)d and 
Lichtenecker (log n)/d G W Morey and H E 
hlerwin (J Opt Soc Amer 1932, ^ 632) give 
for the soda hme-eihca glasses the formida for 
calculating specific refractmty according to 
(a) Gladstone and Dale as 

0 1947(%NajO)+0 2268(%CaO) 

+0 208I(%SiO^ 

and (6) Lorentz and Lorenz as 

0 lll6(%Na,O)+0 122l(%CaO) 

+0 1237{%SiO,) 

The Gladstone and Dale formula gave the better 
results In three component glasses ZnO bos 
about the same effect on dispersion as CaO for 
the same percentage weight, but only about half 
as much on refractive mdex, BaO bas less 
effect than PbO on both re&action and dis 
persion and for a given change in refractive 
index the change in dispersion is less than for 
the correspondmg PbO glass For equal weight 
percentages , 

B1,0,— NajO— SiO, 

glasses have higher indices than corresponding 
PbO glasses KjO — CaO— SI 0| glasses have 
lower index dispersion than corresponding Na*0 
glasses The same holds for KjO— BaO— SIO, 


and NajO — BaO — SIO 2 glasses Mixed alkali- 
lead and mixed alkah-barium glasses have inter 
mediate properties In the optical glasses 
BjOg shortens the violet spectrum, the borate 
flmts having highest red and lowest violet dis 
peraions Total dispersion increases from the 
Imrate crowns (AlgOg and BjOg) to the borate 
flmts (PbO and BgOg), mtermediate glasses 
having notable amounts of BaO and/or ZnO 
Borosihcate flmts come between borate and 
Biheate flmts Fluorine (6-9%) decreases the 
F — C value vnthout affectmg greatly the partial 
dispersion ratios Data for nj, and F — D values 
have been given m Table lY, also composition 
and densities The effect of rise m temperature 
IS to mcrease refractive mdex up to the anneahng 
region (A A Lehedeff, Trans Opt Inst 
Petrograd, 1921, 2, No 10, C G Peters, Bur 
Stand 6ci Papers 1926, No 521) In passing 
through that region a rapid fallmg off occurs > 
Stress Optical Properties — D Brewster (Trans 
Roy Soc London, 1816) showed thatglassunder 
stress behaves as a uniaxial optically negative 
crystal, the birefnngence bemg proportioned to 
the stress L H Adams and £ D Williamson 
(J Franklm Inst 1920, 190, 597, 835) have dis 
cussed mathematically the stresses developed in 
lass by temperature gradients and the resulting 
irefringence S R Savur (Phil Mag» 1926, 
SO, 463) measured the stress optical coefficient 
in tension and in compression and stated that 
up to stresses of 100 bars (1 bar»10* draes 
TOr cm the relation between stress and hire 
frmgence is linear, bemg the same for tension 
and compression The mut proposed for photo 
elasticity is the Brewster~a relative retardation 
of 1 Angstrom unit per mm per bar 
F Pockels (Ann Physik 1902, [iv] 7, 
745} found that tSe stress optical effect 
diminished regularly in lead glasses with m 
crease of PbO The ordinary effect was 
negative but with higher PbO content it 
became positive and Pockels estimated that a 
glass of composition SiOg 22 8, KgO 15, 
PbO 76 7 would have a zero value L N G 
fiJbn and co workers (ftoc Roy Soc London, 
1922, A,10J, 165, 1931, A, 180 410) found values 
for the stress optical coefficient rangmg from 
1 8 for a heavy silicate flint to 3 66 for borate 
flint 

The absorption of light is dependent partly 
on the thickneos, but mainly on the composition 
of the glass, especially in respect of its content of 
oxides which exercise selective absorption The 
best optical glass should transmit 98-99% 
of the Lght passing the surface on which it falfs 
On the other hand, unpohshed mirror glass, 

8 mm thick, may only transmit about 87%, 
whilst for glass strengthened by wire mesh, the 
transmitted light may be only 65-60% The 
foregomg refers to general transmission of 
ordinary white light In the case of selective 
absorption, the different coloured oxides vary 
in the strength of their effect, cobalt oxide being 
one of the most powerful The absorption curves 
for several glasses containing CoO, CrjOj 
NIO, FcgO, and MrigOg have been measured 
by Zsigmondy (Ann Physik 1901,4 CO) 

The selective absorption vanes both with the 
conwntration of the oxide and with the tem 
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peratnre. He general effect of rise of tem- 
peratnre is to shift the absorption towards the 
red end whilst the amount of absorption mav 
simnltaneonslj- be increased. This is flltistrated 
by the following relative transmission fectors 
at different tempeiatnres (IT. LncMesh, J. Amer. 
Ceram. Soc. 1919, 2, 743) : 


Col- ; 

onr- 

ins 

Colour. 

Eelative 

transmission 

factor. 

agent. 

(1) Cold. 

[ (2) Hot. 


200=. 


Cu -. 

iTedium red 


100 

92 

1 84 1 

Co .: 

iiisht bine 


100 

104 

CO 

o 

Co . 

Deep violet 

j Deep blue 
t 

Xo appreci- 
able change 

Au . 


[ Violet 

100 

96 

93 

Cu . 

j Dluish-green 

[ Yellowish- 

100 

94 

82 

Mn . 

^ Purple 
• 


100 

1 

94 

90 

1 

Cu . 

i Deep red 


100 

67 

42 

Cr . 

' Yeno-ivisli- 
green 

1 Yellow 

[ 

100 

S4 

67 


ITore recent work by A. J. Holland and 
TV. E. S. Turner (private communication) deals 
with a series of commercial and other glasses of 
known composition. Data for three such glasses 
are reproduced in Figs. 5, 6 end 7, the calculated 
percentage compositions being shown in the 
table : 


Glass. 

Optical 

Green 

bottle. 

Selenium 

ruby. 

SiO, . . . 

26-9 

68-5 

68-1 

B.Oa . . . 

— 

— 

11-7 

PbO .... 

71-9 





ZnO .... 

— 



11-6 

AloO.^ ... 

— 

3-4 

1-3 

^®203 . - - 

0-01 

1-6 

0-03 

MnO, . . . 



2-3 



CaO . . . 



S-9 



MgO . . . 

— 

0-3 

— 

Na,0 . . . 

— 

lo-4 

0‘7 

K,6 .... 

— 

— 

03 

As„0, . . . 

0-1 

— 

— 

(CdS-fSe) . . 

— 


1-3 



fiG. 5. Eftect of TEjrpEEATXTEi: ox Specxeal Teaxsstissiox of a Dotmim Extra Dexse 

Feest OpncAi Glass (teicejess 10 sni.). 


In r^ard to uftra-violet radiation, fused 
quartz and fused BjOj are transparent, whilst 
a mixture of BjOj. CaF, and AUOj shows 
onlv weak absorption. Heavy lead-masses and 
glasses coloured slightly with Cr.Oj absorb 
ultra-violet b'ght. 

Glasses which absorb heat radiations may be 
obtained by the use of the oxides or other com- 
pounds of* chromium, cerium and iron, and 


certain other elements. The mineral biotite 
and the oxide FejO^ dissolved in soda-lime 
ulass absorb a high proportion of incident heat 
rays, whilst Crookes prepared a soda-lime glass 
from a batch contaim'ng of ferrous oxalate 
which absorbed PS°o *of the heat radiation" 
(Crookes. Phil. Trans. 1914, 214, 1). 

Absorption and Transmission have been studied 
bv R. Zsisrmondy (i.c.), G. Gehlhoff. M. Tiiomas 
















Transmission (percent) 
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sun. PLLi Scamidf {Z. tech. 193<J. 11. fscd. TIL lor spectrsi trarsnifesions of eve- 

2-59}, W. TTrf (Glast^ Ber. 1931, 9, 641: profectinz glasses, sae W. TT Cobleatr and’E. 
1933, 11, 67,- 113). xcs rssafe sre set out in I Stair (Bi^n Standards Circnlar'C. 421) and 
cnrre form. Pigs. S and 9, and in Tables Y, TI Optician Snpnlement. April I4tb, 1939. 
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Table VT. 


A. Ultea-Yiolet TEAirsmssioy or Coidieeciai, Ultea-Tiolet TsAi-srirncrG Glasses 

2-0 iOL TEICKSESS. ’ 






Transmission %. 

A (my). 



1 

1 

260. 

270. 

275. 

285. 

294. 

302. 

312. 

334. 

340. 1 

“ Brevos '' 

0-5 

4-0 

9-5 

34-8 

56-0 

67-5 

78 

89 

92 i' 

bliravit 

0-6 

4-5 

9*5 

31-0 

54-0 

65 

75 

88-5 

91 

‘ Uviol ■’ 

O'O 

4*5 

10-0 

35-0 

590 

73 

82-5 

90 

91 

Sanalux ” 

o-s 

5-0 

10-0 

35-1 

50 

77*5 

74-0 

88 

91 

, “ Fito” 

1-0 

6-0 

12-5 

34-9 

50 

61 

72-5 

88 

91 

S Hdioglass ” .... 

0 

1-0 

10 

25 

48 

56 

73 

86 

88 

1 Belgian vrindo'K' .... 

1 

0 

0 

0 

0 

0 

0 

52 

58-4 

SO 

! 


B. ULEBA-ViOLtij. TBArrsmssioB', ScHoiT Optical Glasses, 2-0 im. xhickzsess. 


r 

f 

1 

i 

JiD. 

Transmission %. 

A (my). 

1 2S9. 

303. 


m 


405. 

•• 

436. 

> Borosilicate crown. .... 

1-5106 

1 25-8 

57-1 


89-0 


91-8 

91-8 

Crown . 

1-5124 

21 

54-3 

74-0 

88-8 

91-6 

92 

92 

Barium crown 

1-5413 


42-4 

64-7 

87-0 

91-7 

91-8 

91-7 

Light barium flint .... 

1-5506 

0 

33 

66-2 

87-2 

91-5 

91-8 

92 

Light flint 

1-5810 

0 

4-1 

39-8 



91-2 

91-5 

ilmt 

1-6204 

0 

0 

21 

77-3 


91-9 

91-7 

[ 


C. So n-BTs iTTo-v Eefect — C oiniEECiAL Ultea-Tiolet Teassauiils-g Glasses. 




Transmission for A=S02 np. I 


Uiicbness 





In Trmi- 

. 

1 month 




Ihitiallv. 

exposure 

exposure [ 




to sun. 


•' “ Fifa ” 

2-01 

51-9 

26-0 

21-8 1 

“ Rdioalass 

2-00 

58-0 

46-2 

36-7 

“ Tjltravii ” 

2-05 

62-3 

47-0 

37-6 ! 

“ Eolvialass 

2-40 

41-1 

37-4 

33-2 , 

“ Sanaiux " 

2-14 

51-0 

29-0 

21-2 

Fltra-Yiolet gla^ 

2-07 

52-8 

48-9 

41-0 

‘‘Sunlit’' 

1-92 

65-0 

46-0 

38-2 * 

“ReuglagE.” .... 

2-30 

61-7 

58-7 

51-0 

“UvidJenall” . . . 

1-97 

49-5 

43-8 

30-1 . 

“ Corex ” 

2-01 

81-3 

78-7 

70-1 i 


'Lo?s hy EejUdim al (he. Glass— Air Surface and 
Means ofBedudng it. — According to rresnel's 
laTT the loss of K^t bv reflection at an air-glaES 
snrfece is related to the re&active indea: n of the 


glass by the expression 



and for a soda- 


lime-sOica glass of refiactive index approxi- 
mately 1-5 this loss is 4%, or mnch more than 
that lost by actual absorption in most optical 
systems irhilst for a lead glass it is much 
^ater. H. D. Taylor (“Adjustment and Testing 
of Telescope Objectives,” York, 1S96) noted that 
■sveathered photographic lenses vrere much faster 
than fieshly polished areas and suggested treat- 


ment of nerv lenses by ireathering agents, e.g. 
H,S or gihaii sulphide solutions to produce thin 
on the surfaces. F. KoIImorgen (Trans, 
nium. Eng. Soc. A'err York, 1916, 2, 220) 
reported a considerable reduction of reflection 
loK by surface treatment of lead flint or barium 
crown passes, and F. F. Vf^right with J. B. 
Fercuson described similar tests with l®o acid 
sodiuia phosphate or copper sulphate solutions, 
amonsst others, for IS hours at SO" (ilanulacture 
of Optical Glass and Optical Systems, U._S. 
Ordnance Dept. Document Xo. 203", 1921, p. 77). 
TTork bv J. Stronc (J. Opt. Soc. Amer. 1936, 26, 
73), K. B. Blodrrett (Phvsical Rev. 1939, 55, 391 ), 
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Table VII — IjifbaBed I'raksmissiO’is 



C H Cartffnght and A F Turner 1940, cautions muBt be taken to eliminate this in 
W, 676A) and F L Jones and H J Homer detemunation of tie “ bulk conductivity, ' 
(J Opt Soc Amer 1941, 31. 34) has shown tbat eg by worhugtnt'oouo According to hi Fulda 
the effect 18 a function both of the nature of the (Sprechsaal, 1927, 60, 769 eteeg) surface re 
layerleftnponthesirrfaceaodnponitBtluckness, sistmty at 25* at 100% humidity of the glasa 
being due to interference phenomena There is 18% Ka,0 82% SiOg was raised by substitut 
for a autface layer of given refractive index an mg At^O,, 6|Os BaO, CaO, PbO 

optimum dim tmckness that produces muumum ZnO, or MgO for SiO^ In all cases a 
loss by reflection, and the lower the refractive maximum value was reached Of these the most 
index of the film the better the effect Slodgett effective was CaO (at approximately 8%), then 
worked with insoluble metaUic soap Elms e g (20%), BaO (10%) Al.Os (15%)> P*i^s 

banum stearate and cadmium arachidata, whilst (18%), MgO (12%) ZrtO (l3%), PbO (25%) 
other workers either produced weathered A Gray and J J Dobbie (Proc Boy Soc 

by dilute acid attack (Jones and Hornet), which London, 1898, 63, 38 , 1900, 67, 197) gave data 
braved optically as if of silica, or deposited, for electrical resistance of glasses of known com 
by evaporation tn vacuo, thm film s of minerals position Fulda {I c ) working on the 18 
of low refractive index tucb as floor spar Jones Na^O, 82 (8iO,+RO) senes -of Gehlboff and 
and Homer state that if after film ing by 1% Thomas showed that CaO increased specific 
nitric acid the washed specimen is heated to a re8istivitymoBt(upto30%addition3),then6aO, 
temperature just short of deformation, the fiilm BjO] MgO. PbO, ZnO, the last named having 
becomes quite durable to the handling or^nanly very Uttle affect, whilst AljO, caused a reduc 
given to optical components By treatments tion In the alkali silicate classes, soda reduced 
such as the above the tcsnamission of simple resistivity more than potash weight for weight 
lenses for white hght has been raised to 99% and when replacing silica For data on commercial 
Over glasses and porcelains, see E Scddon, W J 

Electnca) Conductivity — is agreed by HitcheliandW E S Turner, J Soc GlassTech 
dost investigators that conductivity in 1939 23, 197 The only systematic work of 

high accuracy u that by E Seddon, E J Tippett 
NajO— CaO — SiO, and W S S Turner (i6«J 1932, 16, 450) on the 

soda silica glasses 

glasses IS due to the Na ion, though H H Poole Temperature Effect — Specific resistivity de 
(Nature, 1921, 107, 684) questions its purely creases rapidly with temperature, falling from 
electroMic nature More systematic work, around ohms to about 10* at the annealing 
particularly on alkali free glassea is needed to temperature and to about unity m the region 
extend our knowledge (Morey) E Marburg of the melting temperature, so that once heated 
and T Ihmon (Ann Phy* Chem 18S6,[ui] 27, glass can bo electrically melted by passing a 
481) showed that the absorbed surface film on current through the mass There are sharp 
glass can conduct to a large extent, sod pie breaks in the resistance-temperature curves at 


i 
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Tj. and tte cScct of Efrain on rc-SEfance is 
vEiv dirked. Pj-rei resistant gLass has a sur- 
face r^tivitj of I0^< ohms at 34% hnmiditr, 
5 X 10' ohds at S4% and a volane resistivitv 


of 10“ ohm c.c. E. BaEe (cited bv F. Eckert 
Jahresher. Eadioakt. Elektronik, 1923, 20, 93, 
190) quotes the follcrvvmg values of condnctivitv 
j-in 10^- ohm~^ cin.~^ : 


SiO. 

BjOj 

Na.O 


K,0. 

CaO 


BaO 


ZnO 

PbO 


K at 
1C»0= 
125 = 
150" 
175' 
200 " 


70-4 69-0 62-6 

56-2 

67-7 

4S-1 

51-7 

7-4 2-5 — 

— 

8-0 

4-5 


5-3 4-0 4-5 

1-5 

10-0 

1-0 

1-5 

14-5 16-0 S-5 

11-0 



7-5 

9*5 

20 S-0 — 

— 





— — — 

15-0 

— 

28-3 

20-0 

— — — 

Q-0 

9-0 

10-1 

7-0 

— — 24-1 

7-0 

— 

— 

10-0 

0-012 0-0132 0-00542 

0-019 

0-0025 

0-00256 

0-00233 

0-0703 0-0672 0-0418 

0-0416 

0-015 

0-0134 

0-00994 

0-334 0-425 0-221 

0 096S 

0-0684 

0-0406 

0-039 

1-59 2-32 1-57 

0-5076 

0-66S 

0-106 

0-116 

6-9 — 7-69 

2-3S 

2-544 

0-374 

0-393 


Dielectric Properties . — Didedric Cor.dar! 
or SpeciSc Indnctive Capacity k varies fc-etveen 
3-7 and 16-5. Increase of temperature in- 
creases K (rise of 120" changes valne by 3-14%). 
Values vary srith the frequency of the caxrent 
applied. For lo— frequencies the limit of 
stability is about SO" for lice glasses and 120" 
for borosilicate, vhils at 10^ cycles the corre- 
sponding values are 140" and 240" respectively. 
Values of k are rvliite plate 7-1. ordinary fiint 
^ead) 7-4, densest silicate fiint 16-1, Uviol crovm 
5-6, ficorcrovm 5-S, dense fiint 10-0, fused silica 
3-7, Pyrex glass 4-1-5-0. 

DUIedric Zct-?=k x S (e, phase diSerenee angle 
=9*0" —phase angle fi} and P=VT sin S. Values 
vary vrith frequency, e-y. Pyrex glass at 1,000 
cycles has kB x 10*^400. at lCi0,0'j0 the value 
is 371, at 500,000 is 330, at 10« is 190. For 
Coming 707 glass, values are smaller stni, 
ranging from 22—70 according to frequency, 
vrhfist those for other glasses range np to 2,0W 
though, most lie around 100-200. 

Didedric Sirer-dh or resistance to puncture 
electric discharge hetveen opposite faces is 
given by the relation Y=ad-^^ vhere V is the 
breakdos-n voltage in MIovoIts, d the thickness 
in cm. and c and ^ are constants. _ It is diScuIt 
to draiv conclusions as to the eSect of com- 
position- P. H. iloon and A. S. ATorcross 
(J. Amer. Inst. Elect. Eng. 19.30, 49, 12-5) 
reported strengths of 3,100 kv. for lead glass 
irrespective of thickness (0-04-0-28 mm.) and 
from 300 ka". at 0-04 mm. to 1,000 kv. at 0-28 mm. 
thickness for lime glass. 

Elastic Properties. — The behaviour of 
optically Tvorked glass articles on sta n d in g (fee 
C. Pulffich, Hovestadt’s “Jena Glass,” Everetts' 
translation, 1902 ; F. E. Wright, “ The ilanu- 
fa ctur e of Optical Glass and Optical Systems," 
Government- Printing OSce, Washington, D.C. 
1921) indicates that-'fiovr may occur in glass at 
ordinary temperatures so that glass does not 
posess a true elastic limit but behaves rather as 
a very viscous firrid even at these temperatures. ' 
E. W. Washburn, G. E. Shelton and E. E. 
libman (Univ. Illinois Bnll. 1924, 140, 48) sup- 
port this vievr. The properties have been studied 
bv fukeiTTrann and Schott (Ann. Phvs. Chem. 
1894, [iiij, 51, 697; 1897, pH], 61, 105); E. 


Stranbel (ibid. 1S99, [in], 68, 369), J. E. Clarke 
and W. E. S. Turner (J. Soc. Glass Tech. 1919, 
3, 260), H. T. Jessop (Phil. 3Iag. 1921, [6], 42, 
5-51) and G. G ebTb nfr and M. Thomas (Z. tech. 
Physik, 1926, 7, 105). Several v-orkers, in- 
clnding Winkehnann and Schott, and Gehlboff 
and Thomas, did not analyse the glasses, an 
omission uhich detracts from the valne of the 
resnlts, and the factors of Winkelmaim and 
Schott mnst he regarded tvith suspicion. 

Young’s Modulus (E) of fused silica uas 
given as 700 Hlobars (1 ldlobar=I0’ dynes per 
sq. cm.=l,020 kg. per sq. cm.) by E. B. Sosman 
(“ Properties of Sflica,” p. 437,' 1927). Clarke 
‘ and Turner found for the soda-lime-silica glasses 
I having an SiO, content of 74-75% that increase 
; of lime at the" expense .of soda raised E from 
' 567 kilohais vhen only 0-2% CaO uas present, 

' to 711 kOobars vrhen the glass contained 10-4% 
CaO. The results vrere expressed in the form 
E=I3-9 (%CaO)4-565-6. Gehlhoffand Thomas 
(l.c.) vrorMng on their series of glasses found 
that in the tuo-component glasses increase of 
Na,0 or K,0 at the expense of SiO, decreased 
E, K,0 more so than N a,0. In the three-com- 
ponent glasses, PbO had very little effect uhilst 
that of BaO and ZnO uas not large and became 
constant after about 20°o and 25% addition 
respectively at values of 690 and 700 kilobars 
respectively. CaO had a marked effect, r aisi ng 
the valne from 600 to about 900 kilobars for a 
10^0 addition and pro rata ; B.Oj increased the 
valne not quite so much as CaO np to 15-20% 
(E=900), and then caused a fafifng off. FCjOj 
cansed a steady bnt less increase in E np to 
30^0 addition (750 kilobars) and AUOj only 
raised the value to 660 for a 20^q addition. 
W. Horak and D. E, Sharp (J. Amer. Ceram. 
Soc. 1935, 18, 282) found that in glasses con- 
taining SiO, 74, Na,0 17% uith 9-0, 8—1, 7—2 
and 5 CaO' — 4 ZrO, respectively, the corre- 
sponding values of E uere 439, 367, 325, 275 

Mobars- Clarke and Turner found discrepancies 
amounting to 2S% uhen they applied Winkel- 
Tn^.nn and Schott's factors to their experi- 
mental resnlts. For more complex glasses, 
A. A. GiiSth (Trans. Bov. Soc. London, 1920, 
A, 221, 163) found E=6'21 kilobars. Poisson’s 
ratio (<r) =0-251 for SiO, 69-2, Na,0 0-9, 
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KjO 12 0, CaO 4 6, AljOj 11 8, MnO 0 9%, 

F Twyman and J W Perry (Proc Physical 
Soc 1922, 34. 151) found E=619 8 and <t= 0 196 
for SlOj 64 8, PbO 34 6, NUjO 6 12, KjO 
4 3%, G Bemdt (Z Instrumentenk 1920 40, 
20) found E=798 Oforaborosihcate crown SiOj 
69 6, BjOa 9 9, BaO 2 6, Na.O 8 4, K,0 8 4% , 

F D Adams and E G Coaer (Carnegie Inst 
Wash 1906, Pub No 46) gave 723 9 for plate 
glass and A E Williams (J Anaer Ceram Soc 
1923, 6, 980) for smgle and double strength 
window glass E=760, for 29-39 02 clear sheet 
726, pobshed plate 690, and rough roUed plate 
670 lalobara Increase of temperature usuaDy 
causes decrease of E A E Badger and W B 
Silverman (t6td 1935, 18, 276) found a fall of 
658-660 kilobars from 25® to 460®C for the 
glass SiOj 68 1, Na,O+K,0 18 6, MgO 4 1, 
CaO 6 8, AljOj+FCjOj 3 4%, the change 
being slow to 260® (E=659 3-0 1251) then more 
rapid between 350-450® (E=C3S^ 181) E 
Wandereleb ( Ann Phyaik 1902, [it], 8, 367) 
found for boiosilicate glasses containing Sb^O^ 
that E increased with temperature, though eili 
cate glasses with up to 16% SbjO, showed a 
decrease, and J M Ide (J Qeol 1937, 45, 689) 
found increases for fused SiOj and Pyrex 
glasses (722 and 630 at 0°, to 763 and 673 at 
400* respectively) 

Strain produces values smaller than for 
properly annealed glass 0 Bemdt (1 c ) found 
£Ib 755 and 814 for strained and annealed spect 
mens of a borosilicate crown, and J Meikle 
(J Soo Glass Tech 1933. 17. 419) found 780 
and 769 for I and ^ m toughened glass, the 
untreated (commeccially annealed) glass having 
the values 869 and 863 kilobars 
Compressibility (^) is the reciprocal of the 
bulk modulus and is ^ven as the relative volume 
change per kilobar pressure Adams and 
Williamson (J Franklin Inst 1923, 195, 476) 
found for plate glass SiO^ 73, CaO 12 Na^O 
16%, at pressures up to 12 kilobars that /I— 2 27, 
2 23 and 2 05 x 10“* respectively at pressures 
of 0, 2 and 10 kilobars A basalt glass gave 

1 45 X 10“* kilobars'* between 2 and 12 kilo 
bars P W Bndgman (Amer J Sci 1925, 10, 
359) found for Pyrex glass that fi increased with 
pressure, and L H Adams and R £ Gibson 
(J Wash Acad Sci 1931, 21, 381) gave 
i0*^=*3Ol 5+ 1 42P (P in kilobars), and for 
silica glass, which had the largest increase of 
any substance measured, 10*^=2,689+16 P 
F Birch and R B Dow (Bull Geol Soc Amer 
1036, 47, 1235, J Appl Physics, 1937, 8, 129) 
slate that a negative coefficient of compressi 
bihty is possible only below a temperature 
depending on glass composition, ranging from 
about 220* for lead glass to above 400* for 
silica class the value for Pyrex class bemg 
270* J fe - 

Poisson’s Ratio (o) vanes from 0 271 for a 
dense banum crown glass to 0 197 for a boro 
silicate glass and for ordinary glasses is about 
0 22 For silica glass it c* 0 14, for mediam 
fiint. 0 196 

After-working Effect (a) Flostic— When 
subjected to stress for some time, all the strain , 
does not immediately disappear from glass on 
removal of the stress 0 Weidmann (Aim 


Fhya Chem 1886, [m], 29, 241), showed 
the effect was determined by the duration of 
loadmg and the glass composition, and defined 
the elutic after effect as the ratio of deformation 
remaining after a given time to the original 
deformation Values of this ratio for Jena 16^1 
and a Thuringian glass were for removal of load 
after 20, 90 and 180 seconds, 0 0065, 0 0106 , 
0 0025, 0 0075 , 0 0014, 0 0057 respectively 
See also K H Borc^ard (Sprechsaal 1934, 67, 
297), and F W Preston, quoting 0 D Spencer 
(J Amer Ceram Soc 1935, 18, 220) 

(6) Thirmal — The change of zero with time 
of a thermometer is well known (see Hovestadt s 
‘Jena Glass,” Everetts’ translation, 1902) 
Thermometer glasses containing both Na^O 
and KjO, not one alone, were found by H F W 
Wiebe and 0 Schott (Z Instrumentenk 1886, 
6, 167) to be worst in this respect, and Weid 
mann (f c ) showed that a thermally good 
glass was also good elastically The standard 
thermometer glasses have, accordmg to E F. 
hloeUer (Int Critical Tables, 1926, 1, 65), the 
following depression constants * (®C ) Verre dui 

0 07-0 11, Kew glass 0 20, Jena 16*“ (Cormng 
881)0 04-0 08, Jena 69*“ (Commg880) 0 03-0 04, 
Jena 1565*** 0 01, Jena combustion 0 03 

Strength of Glass —Tests give results lower 
than those deduced on theoretical grounds 
Reduction of size of test piece, e g usmg fine 
threads for tensile tests, gives much increased 
values, from which most workers deduce that 
the nilmg factor is the surface flow (A A 
Griffith ^ans Roy Soc London, 1920 A, 
^1, 162, J T Littleton, Physical Rev 1923 
(2), 22, 810, F W Preston, J Soc Glass Tech 
1933, 17, 4) Preston (»b»d 1926, 10 234, 
J Amer Ceram Soc 1926,9,664,1931,14,419, 
afro with J T Littleton, J Soc Glass Tech 
1929, 13, 336) studied the fracture of glass and 
showed that the faster the rate of travel of a 
fracture the more roughly ” hackled ’ was the 
broken surface, and the slower the travel the 
more pobshed and smooth was the surface 

GeUhoff and Thomas (2 e ) found that the 
oxides they studied improved the tensile strength 
ID their series of glasses in the order (descendmg) 
CaO, BjO, (up to 16% then decreased strength), 
BaO, AI3O3, PbO, SIO*. MgO and ZnO 
were without effect, and FCjOg gave reduced 
strength For bending strength they found 
improvement, in descending order, from CaO 
(up to 16% and then a falling off), BaO (up to 
20%) PbO (up to 20%) ZnO (up to 10%), 
Fe,0, MgO, B,Oj (up to 17%), whilst Al.O, 
gave reduced stien^b CaO, BaO, PnO, 
B3O3 and Fe,Oj gave reduced cruahmg 
strength, MgO and ZnO had no effect and 
Al.Ojgave increased strength Actual strength 
values for vsnous glasses range from 0 62 to 0 83 
lolobars (1 bar—1 02 kg per sq cm ) according 
to Winkelmann and Schott (Hovestadt s “ Jena 
Glass,” Everetts translation), -or 0 64 to 0 92 
kilobars according to A Lecrenier (Le Verre, 
1924, 4, 149} for tensile strength, the correspond 
mg values for compressive strength being 6 0 to 
12 4 (W and S ) and 7 6-9 1 kilobars (Lecremcr, 

1 c ) The values are not easy to determine, 

* The depression constant la the lowering of the 

tern prodneed by heating to 100* and cooling gnlcUy 
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and the spread of resnlts is generally large. 
Kie approximate tensile strength of plate glass 
is 0‘8/ halohars. Silica glass, according to 
R. Sosman (“ Properties of Silica, 1927 ”), has 
valnes of 3^ kilohars for tensile, and 19-5 
kilohars for compressive, strength. 

The effect of varions factors on the strength 
of sheet glass may he snmmarised as follo-srs : 
A afure of Surface . — Ordinary sheet according to 
A. E. Wil l iams (Z.c.) has a modnlns of mptnre in 
lb. per sq. in. of 6,111—12,755, rongh cast plate 
5,500-8,625, polished plate 6,027-5,997, -wired 
rongh cast 5,640—7,900, -nired polished 5,569- 
7,470 using specimens 18x2 in. (though O. 
Gra^ Glastech. Ber. 1925, 3, 153, found -wired 
glass less strong than similar glass -without rein- 
forcement). MeiJiod of Support. — 0. Graf gave 
for 20x20 cm. test pieces of polished plate, 
ordinary sheet, -wired, figured rolled and plain 
rolled specimens the values 7,250, 8,960, 5,410, i 
5,410, 4,830 -when supported on opposite sides, ] 
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and 7,680, 18,640, 6,260, 8,110, 5,840 -when sup- 
ported on all four sides. Duration of Loading . — 
For a uniform (hydrauh'c) pressure test Graf gave 
valnes 4,600-8,600 for instantaneous breaking 
strength, and 3,300-4,600 for the strength under 
continued load (duration varying &om 0-03-108 
hours). A. ‘J. Holland and W. E. S. Turner 
(J. Soc. Glass Tech. 1940, 24, 46) found for a 
centre-loaded beam test that the mean time to 
cause ffacture of small specimens 10x0-08 
X (0-265-0-285) cm. cut from sheet glass varied 
-with the load as follows: for 100% of mean 
brea k in g load, 34 seconds; 90%, 97 seconds; 
80%, 6 minutes 4 seconds; 70%, 90 minutes; 
60%,^ 16 hours 14 minutes ; 50%,^ 39 hours 40 
minutes ; 40%,^ 33 hours 50 minutes. They 
tested 100 specimens in each category. Width 
of specimen and nature of finish of cut edges . — 
Holland and Turner {ibid. 1934, 18, 225 ; 1936, 
20, 72 ; 1937, 21, 383) illustrate the influence of 
these factors by the foUo-wing table : 


Width 

(cm.). 

Gut and lower 
edge in tension.* 
Modulus (kg. 
per sq. cm.). 

Edges ground and 
polished. 

Edges ground and 
fire-polished. 

Width 

(cm.). 

Modulus 
(kg. per 
sq. cm.). 

Width 

(cm.). 

Modulus 
(kg. per 
sq. cm.). 

0-6-0-7 

603 

0-395 

646 

0-4 

1-299 

0-7-0-8 

576 

0-475 

620 

0-485 

1,274 

0-8-0-9 

564 

0-725 

584 

0-73 

1,114 

0-9-1-0 

546 

0-730 

553 

0-775 

1,030 

l-O-l-l 

534 

0-805 

579 

0-945 

991 

1-1-1-2 

533 

0-975 

549 

1-19 

935 

1-2-1-3 

500 

1-17 

531 

— 

— 

1-3-1-4 

498 

— 

— 

— 

— 

1-4-1-5 

494 






* IjOwex and more reproducible -values obtained than wixeu cut edge is upi>eniiost and in compression. 


Span under Load . — ^Data from the Bmlding 
Research Station show a fall fi-om 9,500 lb. per 
sq. in. to 7,900, 7,800, 7,750, 7,750, as the 
span under test increased fixim 0-7 in. to 10, 
20, 30 and 40 in. 

Impad Strength may be measured by the work 
in inch-ounces or g.-cm., etc., of a ball falling 
on the test piece, by the force of the blow of a 


swinging pendulum (or, rarely, the energy 
absorbed in the impact) or by height of fall of 
a given weight on to a ram in the hydraulic 
shock test. Using the pendulum method F. W. 
Preston (J. Amer. Ceram. Soc. 1931, 14, 428) has 
recalculated the data of A. E. Wilhams {l.c.) and 
gives the impact strength {fi) as : 


J 


18 E (Young’s Modulus in lb. per sq. in. ) x F (ft. lb. to fracture) 
Ixbx thickness (all in inches) 


the valnes being as below : 


Type. 

fi , 
(average) 
Ib. per sa* 
in. 

Average 
modnlus 
of rup- 
ture, F. 

Batlo 

AT. 

Sheet single strength 

12,060 

8,270 

1-46 

„ double ,, 

11,250 

7,880 

1-43 

;; 26 0Z. . . . 

10,870 

7,460 

1-46 

„ 34 or. . . - 

10,460 

7"30 

1-45 

„ 39 or. . . . 

10,540 

6,980 

1-51 

Polished plate, 4 in. . 

8,970 

6,030 

1-49 

Bough cast, 4 in. 

P.770 

7,730 

1-26 

,, „ iln. . 

9,440 

7,500 

1-26 

Plaih rolled, 4 m. 

8,060 

5,150 

1-67 

Wired, 4 iu. . 

8,090 

5,5i0 

1*45 


In the falling ball test, specimens of i- in. 
and in. thick of ordinary plate glass 14 in. x 
10 in. break at 16-7 and 23-1 in. drop of a 0-5 lb. 
steel boll or 14-5 and 19 in. drop of a 1-68 lb. 
ball, whilst toughened (“ Armourplate ”) gl^s 
of similar dimensions breaks at 129 and 160 in. 
drop of the 0-5 lb. ball wh4n simply supported on 
two rods 12 in. apart. The strength of glass 
fibres -was found by A. A. Griffth (l.c.) to in- 
crease from 1-715 lalobars per sq. mm. for I-0I6 
Trim , diameter to 2-912 for 0-1067 mm., 5-4S for 
O-OoOS mm., 12-72 for 0-0152 mm. and 33-83 for 


* Jleau time calculated frcm spccimecs ttjat bpjkc. 
be proportion of specimen' unbro’iea after J.oon 
)nrs increased from U at 70% load to all at ,^0 .a load. 
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0 0033 mm F 0 Anderegg {Ind Eng CJjem 
1039, 81, 290) found the tensde strength T 
of fibres (m lb per eq m ) was related to dia 
meter d (m 0 0001 cm ) by the equation 

a, 650,000 . 600 000 

T-20,000+^^+jj^. 

CliASSinCATION OF GLasszs 
As almost all glasses contam silica and, 
moreover, certam metallic oxides such as calaum 
oxide and sodium omde, are present in many 
dififerent types of glass, a simple classification 
based on composition is not available, and it 
IS usual to classify glasses according to their 
use 

(1) Lime-SodaGlassesforCommon Use 
— ^This type of glass is the most important, since 
bottles of all kinds, wmdow glass and plate glass 
are made from it, as well as many articles for 
domestic use such as the cheaper forms of 
tumblers and pressed table glassware 
A Common Botilea and Qlaaa Coniatnera — 
Analyses of actual samples show that con 
siderahle diversity of composition exists 



1 Continental made soda water siphon 

2 Pressed meat Jar (pale eieen) 

3 itodeni colourless antomattC'machine made con 
talner (good duiablUty) 

4 Old type colourless automatic machine-made 
bottle (poor durabiUty) 

6 Slodcm dark green beer bottle made ou automatic 
feeder fed machine 

e Champagne hand made wine bottle (coatluenlaD 

B Prtased QUusxcare of tho cheaper types 
frequently ha-s a composition somewhat simiisr 
to the bottle glass A 4 

A considerable improvement in the appear j 
anco of pressed table ware may bo obtain^ by I 
replacing tho calcium partly by barium oxide, I 
and the latter is accordingly frequently used I 

C irindoic and Plata Claaa from different 
sources do not vary greatly m composition, as 
illustrated by the figures given in the table at 
tho top of the next column 

D iUumtnaling OlaxsvxiTt-—K good deal of; 
the common illuminating ware such as lamp 
chimneys and globes and shades is made from 
a calcium-Bodinm or calcium^odium-'potassium 
gli^, with or without other oxides Coiaam- 
sodium gl^ contaimng magnesium has come 
into extended use for tho manufacture of electric 
Lght bidbe, repUeing the more expensive lead 
glass CVimmon machine made globes have a 



Window glass 

Plate glass 

Old 

French 

mouth 

blown 

Blodem 

BriUsh 

and 

American 

American 
(Ford) 
for auto 
mobiles 

British. 

8iO, 

71 6 

72 6-73 0 

72 0 

72 0 






Fe'Oa) 

05 

0 08-0 10 



CaO 

15 S 

8 6-9 0 

}ll6{ 

96 

MgO 

— 

25-30 

33 

Na,0 

12 2 

13 0-14 5 

15 3 

140 

K,0 

— 

0-04 


— 


I composition not much different from that given 
for the bottle glass A 4 Other calcium contain 
mg glasses for lUuminatmg purposes are mcluded 
for convenience m the section on lUummatmg 
glassware 

(2) Lead Containing Glasses — ^The best 
Bntiah glass for tableware, known as English 
ciystal, or heavy crystal glass, contains sihca 
lead oxide and potash, the proportion of lead 
oxide m the finished glass exceeding 30% 

Lead oxide baa, until a few years ago, been an 
important oxide m the composition of glass for 
electric light bulbs, the amount present varying 
from 18 to 30% Other lUnminating ware, 
especially in opal glass, usually has a lead oxide 
base Glass and tubing intended for use in 
the manufacture of electric hght bulbs has also 
hitherto contamed lead oxide 

Aa examples of lead containing glaaaea, the 
I following analytical ooapoaitions of commercial 
bulbs may be given 



BriUsh 
rod for 
electric 

English 

full 

crystal 

table 

German 

lead 

|| 

a 

crystal 

dgn) 

SIO« 

02 &> 



82 68 

70 9 

eA3. 





20 

no 

21 48 

351 

21 71 

19 84 

88 


035 

015 

0 ID 

0 29 

1 04 


0 10 

0 022 

0 003 

0 014 

1 01 


0 40 



0 76 


MrO 

010 





e«o 




0 68 

26 

ZnO 

0 93 





Na,0 

900 



I 63 


k,6 

480 

11 4 

12 88 

12 83 

115 


(3) Chemical, General Scentlfic and 
Heal Resisting Glassware may be of very 
widely different composition, which may bo 
simple, such as lu tho case of Pyrex glass, the 
chief conatituenta of which arc silica and bone 
oxide, or may be complex like tho Bntish 
cbemical resistant glasses, containing silica, bone 
oxide, calcium, magnesium, alumiuium and 
•odium oziies with zinc oxide abo in many 
casce 

A Ckam%eal GlaancaTe — ^The table given at 
the top of the next page states the percentage 
composition of some different types 
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CosiPosmoNs or 



(4) Optical Glass — p^606 ) 

<S) Coloured Glass — The range of colours 
'which it IS possible to impart to glass is very 
great If we include white or opal, it is possible 
to divide the coloured glasses into groups accord 
ing to the origin of the colour 

(а) ColouTtd SihcaUa — A. number of oxides 
produce coloured silicates, e g Green ferrous 
oxide, uranium oxide (fluorescent), chromium 
oxide and (at high temperature) manganese 
oxide Blue cobalt oxide and copper oxide 
{the latter under oxidising conditions) Pink or 
purple manganese oxide and nickel oxide 

(б) Colour Dm to Colloidal Solution or Siu 

pension —The ruby colours due to gold, copper 
or selenium, are good examples Each re 
agent u added to the batch mixture as a salt, 
accompamed by a reducmg agent (although the 
selemum may be added as such or may be 
reduced by the furnace flame alone) When 
first made, the glasses are either colourless or 
have a bght straw colour, but, on reheating, the 
ultra microscopic particles of gold, copper or 
selemum, grow larger by segregation leading to 
the production of the ruby colour If the last 
treatment is continued, the colour will ultimately 
become brown and finally, in the case of gold and 
copper rubies, visible particles may appear, 
resulting in the production of atenlunne glass 
with copper containing glasses having a high Cu 
content I 

Amber colours, due to colloidal carbon and' 
possiblv also produable by colloidal sulphor. 
and } ellow, due to silver, are further examples 

(c) Opals Produced bg Reparation of an £mul 
Sion — The calcium phosphate (bone ash) opals 
appear to bo due to this cause, the phosphate 
dissolving initially at high temperature and being 
precipitated from solution at a lower 

(d) Opals Produced by Ineluston of Air or Gas 
Bubbles See B P 3C4529, 3C4554, 25 6 30 

(e) Opals Produced by Devitnjicaiion — ^Tho 
devitrification may bo due to deposition of 
silica, when the effect may vary from a mere 
cloudiness or smokiness to actual opalescence 
Opal may also bo formed b) the separation of 
massesofCaSiOi or other silicates in very smaQ 
crystals The opacifying material in most 
commercial opal glasses is now beheved to bo a 
mixture of e<wum and calcium fluondes 


The Raw Materials for Glassmaking 

The raw materials for glassmaking may be 
cbsaified as — 

I Fundamental matenals, or those which 
yield the acid and basic oxides compnsing the 
mamsubstanceoftheglass SIO^, BsO*, P*Og 
AljOj, Na,0, KjO, Ll,0, CaO, MgO, PbO, 
BaO, ZnO, FeO, and Fe^Oj 

II Fluxes ASjO], SbjOj, BjOj, NaiB^Oj, 
CaFj, KgSlFj. NaNOj, KNOj, {NH^)|SO^ 

III (a) Colourmg agents CiiO, FeO, CoO, 
MnO. Se, C, S, AuClj. NiO, CrjO., V,Og, 
Nd,0,. PrgOj, NajUjO^eHjO 

(6) Decolorisers MnOg, Se, ASjOg, SbjOg, 
NIO, CeO,. CoO 

(c) Opacifiers SnO., Ca 5 (P 04 )s, NOjAIFj 
CaFj NajSIFj, ZrO,, ASjOg 

IV Oxidising agents NaNO,, KNOj, 
BaOg, PbjOg, MnOj 

V Reducing agents C (as coal, coke or 
other form of carbon), Zn, Al, Rochelle Salt, 
SnO 

It la to be understood that the basic oxides 
referred to above are generally used m the form 
of their salts Only the more important 
materials are commented on m the section which 
foUowa 


Acid Oxidzs and Tnzm Socsoxs 

Silica — Sand constitutes the only really im 
portent source of the silica which is present, m 
the majority of lead glasses, to at least 55%, 
and u calanm and other glasses to not less than 
66% The degree of punty demanded m a 
sand varies wiUi the type of glass to bo made 
Iron oxide is the impurity least desired by the 
glass manufacturer It may be present as 
hydrated oxide, Lmomte (FejOgiHgO) or may 
be associated with day material, in both of 
which cases it may be reduced by washing, or 
again, os a defimte iron containing mineral, 
vortAi as ■iuiwtfce ■«! wtoiAi case aaparaVnm is 
difficult 

The use of separating tables, e y Wilfley type, 
IS sometimes found to give a good separation of 
heavy mineral particles from the sand whilst 
soma cau be removed by magnetic separation 
For chemical methods, see B P 325386 

For optical glass, the amount of iron oxide 
(as Fe.Oj) should not exceed 0 01%, for the 
best table-ware, not be more than 0 02% , for 
second grade tableuare and chemical glassware 
up to 0 08 or even 0 1% , good quality colourless 
containers 0W%, window glass 01-016%, 
for dark green bottle glass as much as 2-3% or 
even more For practical purposes there are 
no workable deposits of sand in the United 
Kingdom capable of satisfactory use for good 
optical or the best tableware glass Excellent 
sands are found in France at Fontainebleau , in 
Germany at Hohenbocka and Kievelstem, m 
the United States at Berkeley Springs, West 
\irgima, and at Ottawa, Illmois, with g(^ sands 
also at ranous locations in Pennsylvania, New 
Jersey and Massachusetts Belgium has ex 
ccllent sand The best Bntuh sands, at present, 
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addition of B^Oj It reduces nscosity, serres 
as a Taloable flux and is a good solvent for colour- 
ing materials Accordmgly, some colours wbicli 
are due probably to colloidal solution are not 
readily developed m presence of bone oxide 
Phosphoric Oxide is rarely met with in 
any considerable amount It is employed in 
special optical glasses (e g phosphate crowns) 
intended for use m protected portions of optical 
apparatus Host phosphate glasses are readily 
attacked by atmospheric moisture and weather 
mg agencies 

It IS also used sometimes m small amounts m 
glass for tableware as it bestows on it a bnght 
appearance For such a purpose it has occasion 
ally been added as bone ash but may better be 
added as sodium phosphate (NajHP 04 ) For 
optical glass, meta phosphoric acid is the form 
employed Phosphate glasses, m which the chief 
acid oxide is sihea, are the opal glasses produced 
by the addition of bone ash or calcium phosphate ' 
Arsenious Oxide (As^O,) (techmcally 
arsenic ' ) and antimony ozide (Sb^O*) may 
be classified under the acidic oxides Afumina 
probably also exercises an acidic function, but 
it u dealt with below under basic oxides 

Basic Oxides 

Calcium Compounds — Calcium may be 
added as carbonate, oxide or hydrated oxide 
Precipitated carbonate and powdered calmte 
(hmespar) may be used where impunties must be 
excluded Chemical lime and soap waste (both 
mdustnal by products) as well as limestone, are 
used for common bottle glass, though the by 
products are rarely encountered nowadays as 
their variable composition leading to similar 
variations in glass composition does not suit the 
stringent demands of mechanical forming pro 
cesses Burnt lime is largely used in Amencao 
glass practice , slaked bme is used occasionaUy 
m Great Britam 

Unless for dark green bottle glass, the im 
punty to be avoided is iron oxide Precipitated 

ties of iron oxide, alumina and sihca , limestone 
may have larger amounts of each of these im 
purities, and the iron may to some extent be 
introduced durmg the grinding of the limestone 
hen used for ordinary colourless glass, the iron 
oxide content should not exceed 0 04% In the 
kmestones, organic matter and some phosphate 
may bo present Magnesia may or may not be 
consider^ as an impurity In some cases it is 
deliberately added as dolomite limestone, in 
America as burnt dolomite 
Calcium carbonate in all of its vanous forms 
has the advantage of evolving gas durmg the 
glass meltmg operations, thus assistmg in the 
Btimng of the molten material Burnt bme 
must be used quickly owing to its adsorption of 
moisture and carbon dioxide , to a smaller 
degree slaked bme detenorates also On the 
other hand, burnt bme appears to dissolve more 
quickly than hmestoue m sodium carbonate and 
It IS also free from organic matter 
The Society of Glass Technology s specifi 
cation states (J Soc Glass Tech 1037. 21, 
P. Ill) 


I Limestone for Makmg Colourless Glass m 
Tank Furnaces 

2Iouturt not more than 2% as received 
Grading not more than 25% passing 120 B S I 
Standard Sieve CompastUon CaCOj not less 
than 9S 5% , FfijOj not more than 0 04% , 
C not as carbonate not more than 0 1% , totM 
nonvolatile matter (NYM) insoluble m HCl 
10 % 

II Limestone for Making Colourless Glass in 
Pots 

ComposUtoH and Moistun as I Grodtim 
all to pass J in mesh and not more than 6% 
remaining on 14 B 8 I Standard Sieve 

Magnesium Compounds — Electnc Lght 
bull», sheet glass, tubing for gauge glasses, 
chemical glassware, some heat resistmg oven 
ware and (m U S A particularly) some colour 
less bottle glass, contain magnesia introduced 
into the glassmaking mixture either as dolomite 
or aa calcined magnesia Certain continental 
glassmaking mixtures contain talc When used 
to replace hme in a soda-hme-silica glass mag 
nesia in moderate amoimt (up to 3% m the glass) 
reduces the annealing temperature and gives a 
longer range of temperature over which the glass 
can be manipulated in the forming operation 

Sodium Compounds are mtroduced as 
sodium carbonate (technically soda ash), sodium 
solpbate Saltcake ), sodium xutrate (techni 
cally soda nitre’* and Chih nitre’ ) and borax 
AH of these serve as a source of sodium oxide for 
the glass, and the other constituents of the salt 
escape as gaseous products except in the case of 
borax which m addition, serves aa a source of 
bone oxide 

Practically all the soda ash employed is menu 
factured by the ammonia soda process It may 
be " dense alkali ' or light alkab *' dependent 
on ite apparent specific gravity The former is 
preferable A vanety " Special for Glass Manu 
facture ” is available which contains less very 
fine material than the dense ash and has become 
the normal source of soda for glassmaking 

The impurities are sodium chlonde and small 
vnivada vfi •mm vnii 'bt/biuoi TfdqhrrfA 

Soda ash is one of the mo«t trustworthy products 
a glass manufacturer ha« to deal with 

Sodium sulphate or saltcake had a great 
vogue m mak^ bottle class m Great Bntam 
until the early 1920 'b, and is still used to some 
extent in making flat glass It was and still is 
cheaper than soda ash per umt of NajO, but 
the TOnsiderably higher temperatures need^ for 
successful melting and the greater corrosive 
action on the refractory matenals hare led to the 
substitution of soda ash almost entirely as 
regards contamer manufacture and very largely 
as regards that of flat glass Another pomt 
against the use of saltcake was that about 6% 
of its weight of coal was necessary to efl'ect com 
plete decomposition but the precise amount 
vaned with furnace conditions Too httio 
caused saltcake to float on top of the glass, 
attacking the refractones, and too much pro 
duced an undesirable tint in the glass In melt 
mg soda bme-sihca glasses, e g 6-10 parts per 
1,000 of sand m the batch, are oiten used for 
preventing scum on the surface and for speeding 
up refimng 
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of red, brown and purple may be obtained, 
dependent on the relative amounts and total 
amount of the two o^ades and on the presence 
of osidising or reducing conditions during 
melting 

Ntekel oxtde produces a violet colour in potaa 
Slum and a red brown m sodium glasses 
Selenium, used either in the form of the ele 
ment or as the selenite m conjunction with a 
reducing agent, for example arsenious oxide, 
gives rise to shades of red varying from pinh to 
ruby 

Selenium needs a reducmg atmosphere, and 
13 therefore suitable for tank furnace i^actice 

The Glass Batch, 

General Composition — A number of at 
tempts have been made to establish a definite 
relationship between the basic and acidic oxides 
of a stable glass The simple, two component 
glasses composed of the sodium sihcates (Water 
glasses, see later) are not sufficiently stable for the 
manufacture of glassware The introduction of 
a di or tri valent oxide, such as CaO, PbO, or 
AljOj, brings about a large increase m stabihty 
lilost commercially successful glasses contain 
at least three components Benrath (Sprecbsaal 
1884, 17, 266, 343) came to the condusion from 
the examination of a number of good glasses on 
the one hand and of faulty on the other, that, 
with the special exception of certain optical 
glasses, the normal composition of satis&ctoiy 
alkaU-lime-lead oxide glasses should vary 
between the Imuts 

Na,(K,)Si,0,+Ca(Pb)SijO, 
end 6Na,(K,)Si,0,+7Ca(Pb)Si,O, 

E Tscheuschner ( ' Handbuch der Glasfabn 
kation,' Leipzig, 188S) deduced the following 
formula for a good glass containing the alkabs 
and alkaline earths, namely 

iA+yE+3^^+y)SiOj 

where zA represents the number of equivalents 
of the total alkalis Na^O and KjO, yE of the 
alkalme earth oxides 

Later Loemer (Sprecbsaal 1916, 48 332) 
arrived at the conclusion that ui lime con 
taming glasses, the proportion of sibca should 
be greater when potash is present than is re 
quired for soda Thus, when one equivalent of 
lime 13 present (»e y=l)r the proportion of 
SiOjneraedis4(z^+l) If both soda and potash 
are present x representing the total equivalent 
of the alkaline oxides^ and Xx represents that 
of KjO, the amount of SiOj need^ is 

(“+?)<*’+ ” 

if NsjO IS in excess of KjO.whilst if the reverse 
IS the case then the SiOj needed is 

Zulkowski (Chem Ind 1889 22,280, 1900 23 
103, 340) and later L. Bailhe (J Soc Glass 
Tech 1022, 6, TG8) also attempted to correlate 
durabdity with composition, working on the idea 
of the ** basic excess ’* as determining the ratios 


of complex and simple silicates present in the 
glass More recently 0 Knapp (Glashutte, 
1930, 60 364, Glastech Ber 1930, 8, 154, 
Traill Eundschau, 1932, 40, 659} has claimed 
that m relating properties to composition better 
results are obtained by assigmng factors to 
silicates and not to oxides 
Certainly it is true that a calcium glass of the 
composition SSiOj, CaO, Na^O shows great 
atal^ty, and many of the commercial calcium 
contaimng glasses may he represented approxi 
mately by the so called tnsibcate formula, 
mwhich for each 3Si02> the CaO does not fall 
below 0 3 molecule 

Whilst expenence m the past appears to have 
led to this adoption of a trisilicate formula, it 
does not follow that for modem methods of 
treatment, it gives the most suitable glass 
Peddle (J Soct Glass Tech 1920, 4, 45) recom 
mends a sodium-calcium glass of composition 
5SiO{, CaO, Na^O for many types of hollow 
ware Pyrex glass, on the other hand, contains 
as much as 92% of acidic oxides 
Preparation of the Batch — In modem 
plant spcciahsisg m the production of a bmited 
variety of articles, such as liottles, the various 
raw materials are stored m large, concrete hms, 
arranged in a row, and at an elevation from the 
ground sufficient to permit of a truck or waggon 
to run beneath anef collect from each bin the 
required quantity of material for the mixture 
or batch In one system, a weighmg machme 
mounted on a motor driven truck propelled 
along a track below the storage bins, cames a 
cylmdncal drum Bv means of a senes of 
indicators set by the management, several 
matenals may be weighed separately into the 
drum, and when the required amounts have been 
obtaiuied the drum is rotated by a second motor 
and the batch thoroughly mixed The mixture 
IS then emptied down a grating on to a 
conveyor belt which cames it to hoppere 
eospended over the feeding end of the furnace 
Uemg such a system, one man can mix sufficient 
batch to mamtain six large tank furnaces m 
contmuous operation Some factories, par 
ticularly m the USA, have even more elaborate 
arrangements in which the batch materials fiow 
on to a moving belt through orifices, controlled 
by relays operated by the belt to discharge the 
correct amount per unit time, so that the proper 
weights of each matenal reach the hopper dis 
ebaj^ng into the mixer Great care is taken iq 
many plant to ehminate dust during mixing 
and handling In the USA there is at present 
a marked tendency to transport mixed batch to 
the fomace by monorail in hoppers holding a 
unit batch ’ all of which is charged into the 
furnace within a short time of mixing rather 
than to employ conveyors with the consequent 
risk of (a) unmmng ’ the batch by vibration 
and (6) of segregation in discharging from the 
much larger storage hoppers used in the conveyor 
method A few factones, « g the Ford works at 
River Rouge add bonding agents such os water 
and sodium silicate to the batch and press it into 
bnquettes in order to reduce dust and segre 
gatiOD, claimmg also greater ease of melting 
, The considerably simpler process of using batches 
containing 1-2% moiiture m the case of sods 



5C4 


GLASS 


batches hare to he made up. as m certain pot 
furnace works, a correspondinglj small muring 
plant IS used, and may consist merely of a 
rectangular box rotating on an axis passing 
through one diagonal, or even of a simple barrel 
Hand mixing is often employed, particularly 
when extreme punty of matenals must be pre 
served, as in mixing optical glass batches In 
this case the matenals are weighed out into a 
wooden trough and mixed by a wooden scoop or 
shovel 

Batches for Different Types of Glass — 
The following batches will serve to mdicate the 
general proportions of the vanous constitnents 
used m makmg different glasses, especially 
illustratmg the amounts of colourmg, opacifying 
or decolonsmg matenals required Whilst they 
have actually been employed m practice, it does 
not follow that the batches represent the best 
possible for any particular tj*pe of operation 
The terms soda ash and potash, used below, 
correspond to anhydrous sodium carbonate 
(68% alkab) and potassium carbonate respec 
lively 

I Lnrv. COITTAININO GLASSES 
A. Bottles. 

(1) Quteil Selling Gloee for Large Hand Made 
Bturage Boltlee 1,000, limestone 600, 
soda ash 300, saltcake 100 

(2) For Owtn'e Machine — Sand 1,000, soda 
ash 360-376, limestone 176-240, dolomite 0-20 

(3) O’Veill, Lynch and olher Feeder Jed 
Machinee 

(а) Cohurlees —First grade sand 1,000, felspar 
0-100, soda ash 376, hmespar 180-220, borax 
0-30, saltcake 0-7, arsemous oxide 1, powdered 
blue 0 06, selemam 0 03 

(б) Atriber Cdoured Olaea —Sand 1.000, soda 
ash 360-380, limestone 180-220, saltcake 8, 
carbon (as coal or coke) 10, graphite I 

B Cheap Glass for Common Pressed 
Tumblers. 

(1) Sand 1,000, soda ash 400, limespar 
180, arsemous oxide 1, selemum 0 03 Co^lt 
oxide or powder blue, q a 

(2) Medium Quality Glaaa Tumblers — Sand 

1,000, soda ash 300, potash 60, Innespar 100, 
baryta 100, potassinm mtrate 60, manganese 
dioxide, q s 

(3) Common Light IFoll Tumilera — See Batch, 
under C below 

C Electric Light Bulbs. 

Sand 1,000, felspar 270, dolomite and lime 
stone 230, so^ ash 3S0, potassium mtrate 35, 
manganese dioxide 0 5, nickel oxide 0 02 

D Window Glass 

(1) Sand 1,000, soda ash 260, saltcake 60, 
limestone 370, coal 2-3 

(2) Sand 1,000, soda ash 360, Lmestone 90. 
dolomite 205, felspar 95 (Part of soda ash 
mav be replaced by saltcake J 

(3) (Bnquetted batch for Ford Process ) Sand 

1,000, limestone 292, soda ash 315, saltcake 73, 
charcoal 6 C, waterglass (42® B4) 40, water 40, 
cnllet 225 


II Lead Contaisinq Glasses 
A Best Crystal Glass for Tableware 
(English Crystal). 

(1) Fontainebleau (or equal grade) sand 1,000, 
potash 330, borax 30, potassium mtrate 40, 
red lead 660, arsemous oxide 2 5, manganese 
dioxide 0 2-0 3 

I (2) Semi CryafaJ — ^Fontainebleau (or eqnal 
! grade) sand 1,000, potash 350, hmespar 140, red 
' lead 100, mckel oxide 0 02 
B Electric Light Bulbs. 

Fontamebleau sand 1,000, soda ash 330, red 
lead 480, borax 90, febpar 70, sodinm mtrate 60 
manganese dioxide 2 

III ChEUICAL, GENEBAL SCIENTinO ASD 
iLLUMStATINO GLASSWABE, GaUQE GLASSES 

A Glass Tubing for General Chemical 
Purposes — Sand (<0 04% FejOg) 1,000, fel 
epar 367, hmespar 220, soda ash 448, potash 
151, magnesia 4, manganese dioxide 2 75 
B Beakers, Flasks, etc, — Sand (<0 04% 
FCjOg), 1,000, hydrated alumina 182, hmespar 
182, magnesia 16, potassium mtrate 30, soda 
ash 160, calcined borax 185 
C Gauge Glass Tubing —Sand 1,000, fel 
spar 350, magnesia 40, borax (granulated) 600, 
potash mtre 20, arsemous oxide 10 
D Ampoule Tubing, — Sand 1,000, alumina 
230, hmestone 170, dolomite SO, Iwrax (granu 
tated) 300, aoda ash 125, potash mtre 30 

IV Optical Glass (see p 606) 

V CoLoCBBD Glass 

A White, Alabaster or Opal. 

(1) Alabaaier — Sand 1,000, red lead 660, soda 
ash 490, Rodium mtrate 60, sodium chloride 60, 
eodjum fluonde 76, calcmed alumina 226, febpar 
1,200, antimony oxide 5 

(2) Cryolite Opal — Sand 1,000, soda ash 230, 

I potash 40, cryoLte 100, febpar 100, fluorspar 
' 100, arsemous oxide 5 

(3) Bone Aah Opal — Sand 1,000, potash 300, 
soda ash 70, bone aah 300, hmespar 100 

(4) MiH White Glass for Lamp Shades — Sand 

1,000, soda ash 160, febpar 180, fluorspar 90, 
cryohte 80, tin oxide (SnOj) 40 

B Black Glass 

Sand 1,000, potash 100, soda ash 260, hme 
spar 150, manganese dioxide 100, copper oxide 
80, cohalt oxide 40, hammer scale (Fej 04 ) 40 
G Red Glass. 

(1) Qtdd Ruby — Sand 1,000, red lead 440, 
potash 290, borax 200, gold chlonde 0 36 
Sometimes bone ash, pyrolosite and iron oxide 
are added in small amounts 

(2) Copper Ruby — Sand 1,000, potash 200, 
red lead 300, cupnc oxide 3, stannous oxide 10 

(3) Selenium Ruby — Sand 1,000, potash 300 
soda ash 300, zinc oxide 200, cadmium sulphide 
16, selemum powder 10-16, borax 16 (less alkah 
thanttus is nsed in many cases) In these cases 
the rub^ colour is generallv developed on re- 
heating the glass at the mouth of the furnace or 
donng passage down the anneahng lehr 
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D. YelFov/ Glass. 

(1) AmliT TellvT . — Sand LOCK), soda zsh 250, 
potash 100, liniKpar 160, stOphtn- 15. arseaicnis 
oxide 5. 

(2) Otgtmz^ Yepcnr . — Sand 1,000, potash 120, 
soda ash 19*->, l^sspar 14-5, ■potsssam nitrate 
o, trranxmii oxide 3, selem nro 0“6, arsenions 
oxide 2-5. 

(3) CarMry TeIlov(OpcT).~Ss^d 1,000, potash 

300, red lead 150, limespar SO, notasairtm nitrate 
50, phosphate 30, borix 15, sodimn snl- 

phide 7-5, EochsIIe salt 7-5, cadmhun snlnhide 30. 

E. Green. 

(1) Teceialle Greer .. — Sand 1,000, soda ash 
350, limespar ISO, ^tassinm chromate 6-5, 
hamm er scale 4, aisenions oxide 4. 

(2) Geiien Greer .. — Sand 1,00>D, potash 100, 
soda ash 200, bnmt lime 140, red lead 30, cnpric 
oxide 5, nranimn oxide 12-3, arsenioas oxide 5. 

(3) Aveniurir.e Greer .. — Sand 1,000, soda ash 
350, felspar 220, finorspar 100, hsmmn cssbaaste 
ISO, potasshrm dichromate 120, manganese 
dioxide 60. 

F. Blue. 

(1) Dxrl: Blue . — Sand 1,000, soda ash 350, 
limespar 160, cobalt oxide 2. 

(2) Aauarr.urir.e Blue . — Sand 1,000, potssn 50, 
£ 0 ^ ash 250, limespar 16, copper ritriol 20. 

(3) Azure Blue . — Sand 1,000, potash 200, Erne- 
spar 120, crvoEte 120, copper vitriol 45, smalt 5. 

Sand of Hnh grade is desirable in most cases 
for prodncing coloured glasses. 

Anv batch taken from a list snch as the above 
mav recnire adjustment to suit the article for 
■svhich it is to he — orfced and the normal tem- 
perature of the furnace. The colour also 
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depends on: (1) the freedom of the sand or other 
ravr nmtrfals frmn iron oxide ; ( 2 ) the presence 
of oxidising or reducing conditions: (3) the 
nature of the other constituents present. Thus, 
as previonslv indicated, the same colouring 
agent frequently yields somevrhat differeS 
coloms according p the glass contains lead or 
calcium, or according as^the alkaline element is 
sodium or potassruml 

In general, closed pots are most suitable for 
coloured glasses, although cohalt Hue, iron oxide 
vegetable green and c-ertain shades of 
amber can he made snccessfuBy in tank furnaces. 

lii addition to the ravr materials stated above, 
it is usual to add a proportion of previously 
melted glass or cullet. The amount may varv 
hetveen 20 and oO^q of the veight of the. ratv 
batch. Whatever amount is us^ it should be 
kept constant and should be added in reasonablv 
sn^ fragments, particulariy if it is not of pre- 
cisely the same composition as the glgss to be 
melted- It is good practice to pass cuEet 
through a jam crusher and, if for colourless 
glass, to remove iron by electromagnetic separa- 
i tion before mix ing mith the hatch. 

The MelEng of Glass. 

A. EefEACTOBT iliXEBTiXS USED rv 
JIahctg Fous isn Tarrs-FiTEEACE Bloces. 
The most im^rfant ram material is fireclay 
and the c ompa ctions of various types are given 
in Table TjJl. It should be noted that the 
day in any of the localities mentioned may -vary 
in composition from point to point both along 
and verncaHy across the deposit. 

The days are hand-picked to remove fm- 


TABtE TEEL — PzzczyzeGZ CoiSFOsmorr (sr Asazysxs) of soite Fiseciats IIsed rv xse 

llAEUFACrCEE OF TaEE BeOCES.^ 





1 5iOj. 

f 


CaO. 

MsO. 

t 

Fe. 03 . 


KgO. 


B3a 

Stourhridse . 

, 


I 

1 

27-9 

0-51 

0-40 

1-76 

0-35 

0-71 

1-06 

II-5 . 

TTp.ifrp.T- . , . . 



1 54-1 

27-S 

0-31 

0-4S 

2-S6 

0-41 

0-92 

1-26 

11-9 1 




6S-S 

lS-9 

0-19 

0-41 

2-31 

0-32 

0-74 

1-14 

7-1 ! 

Scotch .... 



50-1 

29-S 

0-33 

0-65 

2-S8 

0-13 

0-86 

1-34 

14-0 ; 




56-9 

40-6 

0-45 

0-21 

3-S4 

0-37 

0-6 

— 

2 

Commall (China dav) 



4.S-3 

37-0 

0-41 

0-33 

0-71 

0-31 

0-S4 

0-14 

11-9 ! 

Dorsetshire (ball clay) 



51-0 

31-2 

0-54 

0-62 

1-48 

1-62 

0-58 

1-16 

11-8 ; 

Belsinm (lEamnr) . 


- 

49-2 

32-3 

1-02 

0-41 

2-74 

1- 

52 

1-84 

10-74 ‘ 

,, (Ddforges) 



53-5 

28-7 

0-51 

0-19 

1-49 

1-16 

0-76 

13-62 > 




62-5 

22-1 

0-61 

0-14 

0-96 

1-04 

0-81 

11-7 ^ 

France {Ehotins) 
Grossalmerode . 



65 

33 

0-2-0-4 


1-5-1-7 

- 


— 




70-4 

19-9 

0-24 

0-24 

1-SI 

0-75 

0-91 

7-3 




47-5 

34-4 

0-5 

1-0 

1-2 

— 

- 

— 

14-4 

ITeissen .... 



51-7 

33-3 

0-1 

0-9 

1-5 

0-6 

— 

11-8 

- - - - 



72-3 

19-3 

— 

— 

1-0 

0-3 

— 

7-3 

' WEdstein 



47-9 

36-3 

0-2 

0-1 

2-2 

1-5 

— 

11-9 

TaSendar 



65-3 

24-2 

— 

— 

i-o 

1-2 

— 

6-S 

KTrn7eiib<=*g 



49-S 

33-6 

0-5 

— 

1-5S 

0-7 

2-0 

11-5 

America .... 



59-6 

26'7 

0-42 

0-6S 

1-31 

1-02 

1-14 

10-1 

Andsia (Sr. Louis) . 



4-S-5 

3.5-0 

— 

0-37 

— 

0-6S 

— 

9-1 

Eussia (Drfefer). . 



56-3 

31-0 

0-S5 

0-59 

1-19 

— 

! 

— 

S'O 

,, (Bobrik} 



43-1 

36-4 

0-39 

0-10 

1-14 

0-61 ! 0-20 

— 

17-9 

Indian Smhnanite . 


j 

t 

32-3 

62-1 

0-6S 

0-12 

1 

1-76 

! 

0-28 1 

r 1 

1-91 

1 

0-9 


t J. H. Psrtriage, “ EeSsctorF BIocSs for Glas TanS lumaces,'' 1535. ■ Ignited sars jle. 
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punties, weathered by exposure, dried, crushed, 
and ground usually to pass 1 5-2 mm aperture 
Besides the raw clay, which may he plastic or 
“ lean ” depending upon its physical imd 
chemical nature, previously fired clay called 
“ grog ” IS used to reduce the drying shrinkage 


and to give stabihty during drying To produce 
a dense structure by the mixture of these a 
variety of gram sizes of grog is needed J H 
Paitndge (Refractory Blocks for Tank Fur 
n aces. Society of Glass Technology, Sheffield, 
p 19, 1935) quotes Table IX to show the 


Relative size 

Per cent each size needed 
B S I sieve size 
Particle size (mm ) 


Table IX 

X 0 416s; 0 225x 

77 5 6 17 

6x17 12x26 20x28 

36 15 08 


0 1752 0 1152 very small 

3 3 10 114 

30x31 40x34 — 

0 63 0 41 — 


distribution of grog size to give a mixture with 
densest packing, assuming spherical particles 
Using such graded grog the shrinkage vanes 
with the amount of bond clay mixed with it. 
but the porosity of the fired mixture decreases 
up to 15-20% bond day and then increases 
again The grog used may be porous itself if 
prepared by calcining fireclay or may be non 
porous if of silhmamte, bauxite or quartzite 
The mixture when wetted is well mixed in a pan 
mill or in a pug mill (formerly trodden by foot) 
and is sometimes subjected to vacuum to remove 
entrapped air that might spoil the dense stnic 
ture desired The relative proportions of raw 
clay to grog and the size of the latter depend 
on the purpose for whidi the mixture is intended 
Low grog (20-35%) and fine gram is used for pot 
making and similar processes whilst tank funiace 
blocks are made with very high percentages of 
coarser nog The raw day is usually a mixture 
of a refractory day (base clay) and one (bind 
clay) chosen for its bmdinz properties For 
otmaklng the following has been used Stour 
ridge base day 6, Stourhndge bind day 4, 
grog 2, crushed old pots 1} The amount of 
water varies with the raw clay content varying 
from about 6-22% When mixed the clay mass 
IS stored to “ sour ” for periods up to 6 months 
in order to acquire uniformity and plasticity 
Pols are built up by hand from rolls of plastic 
clay, raising the walls a few inches on alternate 
days Alternatively they may be beaten up in 
^UatAC mmiLla Thny may hnn^moc** clnacd. ’ 
and contain up to 30 cwt of molten glass 
Fig 11 shows different types (a) a clos^ or I 
covered pot is used generally for the highest I 
grades of glass melted in Great Bntam In ' 
one type, the " oval " or “ dog house ” pot, the 
distance from the mouth to the back is con 
Biderably greater than between the side walls , 
(5) an open pot, used for plate glass and in many 
countries also for high quality glass, even optical 


glass , (e) a skittle pot, used m the furnace in an 
inclined position so that the workman can 
I readily gather the glass , (d) a potette, used 
I occasionally in tank furnaces where the chargmg 
I has to be done at the sides and not at the end 
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of the tank, and also where the temperature at 
the workmg end makes the glass too fimd The 
glass from the tank flows into the potette 
through an opening near the bottom 
I Tank Blocks are made by several processes as 
shown in Table X 


Table X — ^Metoods used toe MA’TOrACTUBB of Take Blocks 


Process 

Grog 

Saw 

Water. 

Drying 

time 

Shrinkage 

in 

making. % 

True 

volume 

noroilty. 

ITand moulding, plastic 
Hand moulding, ramnimg 
Itlechamcal rammmg 

Remi dry pressing 
Extrusion 

Slip castmg . 

Fusion casting 

\ 

59-75 

79- 85 

80- 95 
70-85 

60 (mm) 
ml 

69-25 
30-15 
29-6 
39-16 
As 1 
40 (max ) 
100 

17-22 

7-10 

6-8 

7-10 

land mouI< 
16-20 
mi 

3- 4 months 
8-14 days 

4- 5 „ 

3 

mg, plastic 

2-3 months 

1 4 days 
(annealing) 

4-6 

3-4 

0 2-2 

2- 5 

3- 4 

10 

27-30 

27 

19-20 

13-26 

24-35 

4 
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In cons:<i£riii^ poTC-sity, it should cc reznoni- 
beted thst the iand of pores as veil as the total 
volime of pore space is an important factor. 
h-InHite tari-LZoohs cast feom electrically feed 
materisl to give the approximate compos- 
tron SALOySSiO* have been extensive” 
trsed in recent yeans on sccotmt of their eocd 
enter texture arrd lov rate of solntion in colonr- 
Ifss soda-hime— sSica glass. Slip cast siQimaiitte 
also is mcch fsvottred. Sinimanite itself h^- 
^sry good corrosion -resistriig properties and 
the main dimctdty in converting it into cor- 
rcsion-resistanr articles is in ffrdn-,?- ^ bond 
for the grains vhich viil itself vithstand attack. 
To make a slin the vell-mixed drv materials 
are added to vater in a vessel (blonger) drted 
tvith. a s t ir r e r and —hen the mass begins to 
stinen a small amount of electrolyte in the form 
of sedinm siKcate and carbonate is added to 
deSorcnlate the clay. This gives a mass of 
ponring consistency vith a mcch lover vater- 
content than cnnld othervise he obtained. 
The mass is then ported into moclds of vood 
or plaster —inch are stripped avay after the 
mass has set. The best amonnt and propor- 
tions of electrolyte must be separately deter- 
mined for each rvpe of dav mixtere used. 


B. Fmxicvs. 

(c) Pot Furnaces are csed for the prepara- 
tion of the finer qcality glasses and in cases 
—here a variety of compositions are handled at 
one and the sine time. Using dosed pots, the 
glass melting may be conducted out of contact 
vith itrmace gases and fay claying up the joint 
betveen the pot month and the stopper, volatile 
materials like selenium may be retained to a 
sreater extent than in tank furnaces. From 
i to 20 or more pots holding 4-SO cvt. may be 
set in the furnace, vhich may be direct fired I 
(practically obsolete), be heated by gas fixim 
an inbuilt nrodecer, or by produc-er gas &om a 
distant generator. In a' fev cases coke-oven j 
as is used for heatinv. The fioor or '■ sege " 


plan Tie.., and the fiarre issuing from the eve 
sveejs over them, the spent gases being vith- 
dravn througn holes IT in the piUars sunportins 
the crovn. The spent gases then travel throush 
the recuperator as indicated by the airovs, and 
pas out into the chimney fine controHed bv 
damp-ers IS. Great pains are taken to tirevent, 
by the design and construction of the tube 
sections of — hich the recuperators are builr up, 
an communication betveen the air passages and 
those for vaste furnace gases. Eegeneratfve pot 
furnaces are favoured vhere the meltin u schedule 
IS such that the furnace can be driven as a vhole, 

; C.C. vhen,meltmg in all pots ovemisht and vork- 
I ing out the glas throi^ the day. The Same 
( may be introduced throush holes in the siese, 
t firing from end to end, or throush ports in the 
[end or side vails (horseshoe 'or cros-fiame 
! firing). 

i Tne pot, after being built up as already 
describee!, is aHovred to dry slo viy, devices being 
employed in modem plant to control the degree 
of humidity. Subsequently, the pot is stored. 

; for months inaroomatabout65fF.,thehniniditr 
being preferably controlled prior to use and 
is kept free fimm vEbration. In preparatioa 
for the glass furnace it is first heated in a 
special furnace called a pot arch, in vhich the 
temperature can be raised sloviy to about 
Ijlfrl'C- or I,2fr3'C., and the moisture, combined 
vater and carbonaceous matter, driven on. In 
America, the foliovmg rate of heating is con- 
sidered go-od practice : in 1 day, 75'C . ; 2 days, 
120'C. ; 3 days, 371‘C ; ■= days, 593”C. ; 5 days, 
S16^C. ; 6 days ,1.025"C . ; and 7 days, 1,16(PC. 
At the last-mentioned temperature the pot 
should be maintained for- 30 hours. 

The process of “ pot setting ” next follovs. 
The por is removed &}in the pot arch on a heavy 
fron carriage and placed carefully in position in 
one of the arches of the furnace, and the firoat 
of the arch closed as rapidly as possible, pre- 
ferably by fireclay blocks made to fit the arch. 
The jib of the pot, J in Fig. 11 (c), is not rigidly 
builr into the vail so erected until the pot- has 


consists of thick fireclay or siliimanite blocks, 
and its shape mav be circular, oval or rectangular. 
Bisinv frt>m the fioor are arches, the p illar s or 
vhich are of fireclav, siliimanite or siiica bricks 
(gerierallv silliinamte}, and the arch is of such 
dimensions as to accommodate a pot of definite 
size. A domed roof of sSca bricks called the 
“ c rovn ” completes the endosi^. _ The under- 
structure depends on the mode firing adopted. 
Tt. the old direct-nred and the semi-gas-fireti 
svstem, a circular firebox is built belov the 
furnace opening into a circular hole in the siege 
called the eve through vhich fiame passes 
Sr, i m 3 coal fire, or round vhicn combustion o» 
xas should beuin vo reach an advanced stage. 
Either reenueration or regeneration is apphed 
according to type of furnace, Im. 12 ^u> * j s 
Teisen 12 pot Tetra ’’ recuperator furnace. 
The tangential burner gives good r^ixing or 
from the built-in producer and seccmdaiy air 
preheated bv passage up the recuperator 
r-hr^T,T,^i= snd'pronuces a fiame fiHfng the femace. 
For a 12 pot f irm see the “ eye has a aiameter 
of 4 ft., and for an S pot furnace about 2 ft, 6 in. 
The pots are set in the arches as shovn in the 


been veil fired in the furnace. Othervise 
shrinkage misht thro— such a strain on the jib 
as to cause a crack to develop just belov it in 
the pot vaH. The only part exposed is the neck 
or mouth of the closed pot, and info this neck 
or mouth a fiat slab or stopper is placed. An 
open pot stands enrirely behind the furnace 
vali, being vorked through an opening in the 
latter. IIFen in position the pot should be 
alloved to remain empty for at least a day at as 
hlcrh a temperature as possible, short of incipient 
soReDing, before being glazed and filled. 

(6) Tank Furnaces are used for economical 
mdtisis of large quantities of glass needed for 
mass-produced articles such as bottles and other 
contaSiers, dravn sheet, plate, vired and other 
forms of fiat glass, electric lamp bulbs and 
cheap domestic glass made by pressing. In size 
thev may vary from a dead veight capadty of 
about 2 tons to 1,250 tons, the latter being the 
aoproxunafe capacity of one vindov glass tank 
in Americs. Furnaces of fimm 100 to 350 tons 
deadveight capacity are quite usuaL 

Fie. 13 a represents the crcss-section of a 
regenerative gl^ tank furnace. It vill be seen 
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to bo Bimilar, generally, to an open boATth atccl. 
furnace The bottom consists of fireclay blocks I 
resting on tuild steel laths tbcmsclTCs laid on I 
mild steel Joists of I section supported on picnso' 
that air has free access to cool tno bottom Tho 
sides usually 46 in Inch, may consist of three I 
courses of ftroclay, siliiinanito or fused high I 
alumina refractory (e jr Corhart) 9 In or more 


I ID thickness, hut in order to rcduco wear on the 
Ircfrnctonea mIiicIi is nearly always worst at 
:horuontal joints, tho top two courses may bo 
imado ono by using blocks twee ns dcoji, or 
I a ainglo course tlireo times nsi deep may bo 
substituted Tho crown of tho fiimaco is of 
silica bnck usually 12 in thick and sometimes 
1 insulatoil It may bo composed of n number of 



1 10 12 — ^TBISKN IteOUrBRATlVZ I’OT I URNAOt. 




1 Puitt In ilrn srato producer It 

2 (laa tight C I Ilro Joor 

3 Obi tight C I ash door tvlCli primary air regula 

tlon slide 12 

4 Cl itep grate itnndar I with M 8 Qreplatr* 13 
An Bter Inlet tul ea to (Uebat { latca 

4S Atatrr outlet pipe from nsh pan 14 

5 Oai tight 01 doors fir glass pocket 19 

C Central glass pocket 

7 Air spare licneath same prcsinllntf downward I® 

flow of glass 

8 flerondtryalr pocket with Irapclunnclitoprevcnt 17 

How of glass Into recuperator 18 

0 Tangential burner of sperlally shaped brieki I® 
10 Highijr refractory siege blocks 


Four recuperators ofspeclal licxngo ml tubes srlth 
horlcontal waits gas nn I sertlnl Zlgsagglngnlr 
passages 

Hide glass rocket 

Alt BpacB beneath 12 preventing entry of glass 
Into chimney flues 

Cooling fluna above r< eiiperator arches 

Inspection channels for main Inlets of tangential 
1 iirner 

Inspection stoppers In u ostc gas channels beneath 
siege 

Waste gas draw oIT holes in pillars 

Chimney damper 

lositlon of pyroi cfer tube 


<lc<l btocks (1 ig 13n) BO tlial the Bhaiw 
id volume of tlic eonbiistiun spaco nbovo tlw 
^la«* caw 1x5 controlled Ibepasantl air for com 
bust ion arc prclieatcd Iv pnasing through ono act 
of regenerator chamber*, sa^ tho left band 
pair, l>cmg controlled by the regulating tile* in 
the various iiptnkca on that nide (up to 7 but 
usually 3-4 Buch) nnd mix in the port licfon* 
Issuing through the mouth of the latter to bom 


in tho furnaeo nbovo the gloBB. whilst tho waste 
gaacH pass out through tho oppoaito port, heating 
up tho right hand regenerntora on their way to 
(ho chimney Tho extent of this premixing is 
controlled by (i) the relative velocities of tho gas 
andairatrcAniB, (li)tlio angle nt which they meet 
(f) tho distance from tho port mouth to tho point 
at which the two Btreams first begin to mingle 
Thu distance ia controlled w hero ncccBsary by 
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prolongmg the wall shown m a substantially 
borizontaUy direction to form a loiigut of siutaUe 
length After running 15-30 mmutes so that 
the nght hand side regenerators become heated 
up, the direction of the flame la reversed, air 
and gas going through the right hand chambers 
whilst waste gas goes out through the left hand 
In many modem plant this reversal la controlled 
not by time but by the temperature reached in 
the regenerators The refractories of the port 
mouth above glass level are usually mhca, as 
are the aide walls above glass level These 
nowadaj’s are carried by the steelwork of the 
furnace so that no load rests upon the blocks 
actually forming the hath to contam mcdten 
glass, enahbng the latter to be rebuilt as neces 
saiy without disturbmg the upper structure 
Id normal usage a tank for mcltmg bottle glass 


would have a life of at least 8-10 months and 
could be rebuilt many times before the upper 
structure needed senous attention The space 
between upper and lower sidewalls is filled m by 
“ tuekstones ” The tank itself is nearly always 
divided into 2 parts by a bridge wall with a 
hole (doghole) in the middle well below glass 
level to permit passage of glass but not of euiface 
impurities Instead of this hole m the bridge 
some furnaces have a hole in the fioor on each 
side of the latter joined by a “submerged 
throat ” With some types of glass such a device 
13 hard to keep open In furnaces for melting 
sheet glass the fixed bridge is generally replaced 
by floating blocks which lock mto each other to 
form a floating bridge Several such may be 
used on one taiS The larger portion of the tank 
called the meltmg end has in good practice an 




area of about 10 sq ft per ton ofglass melted per 
24 hours, the ratio of width to length being fre 
quently 3 5 for medium to large furnaces The 
smaller portion or working end is the reservoir 
from which the machines draw glass properly 
homogenised and cooled to the working tempera 
ture It has at least one day s capacity The 
depth of both portions is generallj the same, 
namely 3 ft 3 in to 3 ft Cm for colourless glass, 
though some working ends are made shallower 
towards the point of discharge of the glass 
Batch IS charged mto the furnace at a ' dog 
house,” a kind of well built out from the end 
(sometimes m small furnaces the side) wall It 
IS either tipped from barrows poured from over 
head bins rta a chute with elidmg gate, or fed by 
a mechamcal device In the two former cases 
piles are pushed by hand with long rakes below 
a low jack arch into the furnace, the opening 
being left sealed by a pile of batch Slechanical 


devices either push small charges forward by a 
reciprocating ' pusher ” (“ Hazel Atlas ” type) 
or continuously feed batch forward by an 
Archimedean screw (“ Amco ” type), or combine 
both motions to push forward a largo pile that 
has been fed into an enclosed extension of the 
doghouse by a screw device {“ Charlton ” tjrpe) 
The recuperation principle is also apph^ to 
tank furnaces, generally to small or medium 
sizes Fig 14 shows one type in general use 
(e) Electric Melting Furnaces V M 
Sauvageon (BP 18118/1909) attempted to 
melt glass by passing an electric current between 
carbon electrodes immersed in the mass The 
use of metal electrodes or metal casing for the 
carbon was suggested Later he devoted much 
work to the development of furnaces heated 
Igr radiation from refractory parts (eff the 
crown of the furnace) which were packed nth 
carbon granules to form resistors Later and 
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664, P Niggli, Z anorg Chem 1916,98,241, E N Buntmg, Univ Illmois Expt Sta Bull 
M Amadori, Atti R Accad Lmcei 1912, 1921, No 118, H Salmang and A Becker, 
21, 11, 67, 1913,22 II, 332} hence the fluxing Glastech Ber 1927, 5, 620, 1929, 7, 241, 
effect of such low melting point salts as the alkaS R H Dalton J Amer Ceram Soc 1933, 16 
mtrates In such a viscous medium as glass, 425) Chlorides of Na, K, Fe, Sn, oxides of 
reactions do not proceed to completion even at As, Sb, Pb, B sodium sulphate and selenium 
the melting temperature in the time usually are voUtile but by no means completely re 
given For this reason equihbnum diagrams do moved The amount of ASjOj volatihsed when 
not completely mdicate what occurs when a 0 2-2% is added to»a potash-lead oxide-sihca 
glass batch is heated glass is on the average 10-20% of that added 

Volatilisation — ^AU water is not given off (W E S Turner and co workers, J Soc Glass 
in melting small amounts being retained most Tech 1927, 11, 66) C E Gould and W M 
tenaciously in the glass (exclusive of surface Hampton (Glass Ind 1930, 11, 249) give, for 
adsorption) (E W Washburn, F T Footitt and their own workmg conditions, the followmg 



200 400 600 800 1000 1200 1400 1600 1800 2000 2200 

Time in minutes 

Fia 16 — Rate or Reactioji or Batch AlaTUas to give Glass of Peboektaoe 
CoMposmow SiOj 75, Na,0 16, CaO 10 


figures for the volatilisation loss per 1% of the 
oxide ongmally present in the batch Na^O 
(added as sulphate) 0 06%, K.O (added as 
carbonate) 012%, BjO, 0 15% ZnO 0W% 
PbO (up to 60% PbO) 0 014% The loss of 
B.O. m meltmg is well known When this is 
addca as HjBO, the loss is liable to bo greater 
than when borax is used 
Progress of Reaction — For a silica-calcinm 
carbonatc-sodium carbonate mixture, G Tam 
mann and \\ Oeben (Z anorg Chem 1930 193, 
245) state that loss of CO| begins at 600” with 
a heating rate of 10* per minute, and is com^dete 
at 860® Up to 756-775® the mam decom , 
position, beginning as low as SOO®, u of calanm 


carbonate, after which sodium carbonate reacts 
with eilica Fig 16 (from J T Howartb, 
F R R Sykes and WES Turner, J Soc 
Gian Tech 1934,18 295) shows the behaviour 
of the batch to give the glass SIOj 76, Na^O 
15, CaO 10 made up (a) from 160-180 I3IJI 
mesh quartz grains, similar calcite ones and 
sodium carbonate , (5) from materials of good 
commercial quality as used m pot melting Fine 
gram size increases the rate of decomposition 
The more silica present m the batch the slower 
IS the rate of melting, not only because sihca 
dissolves slowly m any cose, but the mcrease in 
sihca content males the glass more viscous and 
slows up the solution rate still more Tammann 



and Oel5en state that the sequence of reaction in 
their mixture veas as below : 
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Tttnrcra- i 
tcrc. i 


Iteactioa. 


C0(>-S30- 


7iO-POO' 

7S0= 

813"' 

S55' 

912= 

9G0= 

1,010= 


^3-r NajCafcOj), 


CaNa,(CO,),a. 2 SiO, -v Na.SiO, 
i -i-CaSiO.-i- 2 CO,* ' 
i Na.C 03 -fSi 0 . -*Na.SiO,-CO. 
I Eutectic Na.COj- * 

I M.p. Na,Ca(CO,), 

M.p. NaXO, “ - 

I Na,Ca{CO,). -v CaO-f Na ,0 

-f 2 CO, 

CaO-f-Sib, -^CaSiOj 


f ^ Iead-pota=sium carbonatc-silica mix- 
tnre studied bj the same workers the sequence 
■s^as given as : ^ 


Tempera 

tore. 


i 


Itcaction. 


C00= I Pb,0^ -,.3PfaO-fO 
6ia-730=j PbO-f SiO. PbSiO, 

750= K,CO,-i-sro._^K.Sib,4-CO, 


the lead sdicatc dissolved in potas=ium 
^rbonate although molten lead oxide did not 
mix with the latter. 

Sintering or Fritting Temperature.— 
co-workers have defer- 

Sit mixtures 

«hered. For thoxSiO.-CaO-Na.O-mixtnrc-s 

at SOO or at /oO in several hours, the 4SiO. 

temperaturS 

of <ShSon.‘ 

L^er Stages of Melting.— At hieher tern- 
the 4SiO. mixture melted to a mass 
sohd particles (batch fh?e) at 1,100’, 
;5;hilst the 6SiO, was not quite free at 1,200’. 

e rate of rnelting of a batch depends on its 
composition, z'.c. on the specific batch materials 
M weU as on the composition of the glass which 

containing alumina 
are Lafale to produce a refcactorv scum on th-^ 
^ace of the molten glass, whilst the same 
amount of alumina added as felspar is less liable 
o (a^e trouble. Sih'ca scum is sometimes found 
. ® ^°P ®f tank-melted glass if the meltinu 

IS not very high and all the alkah 
littTp^c^f“i®°l^,^^’ whereas the inclusion of a 
and prevent this. Grain size 

the mSt&JreTe! aho afifect 

°f an ordinarv soda— 
hme-sihea glass results in the hberation off 


armm-r;T„=t.S to/ TT nueraxion 01 propernes wnn;^ vauuui. 

^^ro^ately lo% of the batch weight as ga® ences in chemical composition even when cullet 
inia has a marked — 4.1 j.P “ e°— ^ nr -a- TT- 


TWt- ■ f 4 ° — weignt as gas. 

^h^ a marked effect on the melthig rate by 

S°Sht“S^" tinmelted coiStituente 
III Otherwise segregate. The use of 

has been 

Sent “volatile” 

bubt£'caU^*.f^f;"^i?? 

>-iuea seen or boil ’ according to j 


«ze when tlie glass has become free from batch 

waI-”/ol°h“l-^ ^ facihtated in two 

waxc, ( 0 ) bv reduemg the vlreosity either by in- 
creasing the temperature or by batch additions 
such as ^rax, salt cake, ammonium salts, e o 

H Jebsen-.Marwedel, which shows the velocity 
of nse of a bubble through a window-glass meff 
m relation to its size and the temperature of the 
glass) or (5) adding to the melt when most of the 
seed has been removed some volatile substance 
that creates an upward rush of large bubbles 
which collect the finer ones so that when the 
turbulence subsides the glass soon becomes seed- 
or ^ “ plain.” Such agents are lump 
arsemc (ASjOj) or ammom'um nitrate for 
best qnaUty pot-melted glasses, a potato or 
water-soaked wooden block about 4x4x2 in. 
stuck on an iron rod for ordinary pot glasses 
and a common wet banana stalk for tank melted 
glides. The work of F. Gelstharp and S. E 
bcholes (J. Ind. Eng. Chem. 1912, 4, 16; Trans. 
Amer. Ceram. Soc. 1913, 15, 585), Allen and 
Zire in U.S.A. (J. Amer. Ceram. Soc. 1918, 1, 
<S/), and W . E. S. Turner and co-workers in this 
country (J. Soc. Glass Tech. 1926, 10, 3, 20; 
1927, 11, 65, 190, 205) showed that arsenioTis 
oxide added to the batch could not act as a re- 
fining agent by reason' of its volatility as had 
been ^ nidety teheved, because most of the 
arsenic so added remained in the glass partly as 
AsjOj and partly as ASjOj, their ratio being on 
the average 0-45:1 for the glass of percentage 
composition SiO. 75-8, CaO 9-6, Na.O 14*4 
whilst the loss varied irregularly between 
0-14-8% of the total added as that quantity 
varied from I-IO parts per 1,000 sand in the 
batch (Allen and Zies fotmd for commercial 
glasses losses of 11-33%). Turner (l.c.) found 
no evidence that arsem'ous o.xide acted as a 
flux in Eoda-lime-silica glasses though it did 
for potash-lead oxide-silica glasses. When used 
with nitre in the batch, a de&ute increase in rate 
of refining is obtained. 

Cullet. — ^The proportion of waste glass or 
“ cullet ” returned for remelting varies with the 
process, and some small firms making containers 
use h’ttle else. In general the cullet used com- 
prises 25— 1-5% of the total material melted for 
bottle manufacture, 55-60% for electric lamp 
bulbs and 50-75% for lead crystal. 3Ielting is 
assisted by its inclusion, but above 60% it 
appears to retard the rate ofrefim'ng of soda-lime 
glasses (F. W. Hcdkin, H. W. Howes and W. E. S. 
Turner, ibid. 1 929, 13, 25) although this is not the 
case with potash-lead oxide glasses (S. English, 

G. A. Green, F. W. Hodkin and TV. E. S. Turner, 
ibid. 1929, 13, 37). Careful laboratory experi- 
ments have shown that provided the cidlet and 
batch are mixed and melted to produce a homo- 
ergneous glass there are no difierencea in physical 
properties which cannot be explained by differ- 
1 ., nUamiral f-nmnorition even when cullet 


was remelted nine times (V. Dimbleby, H. TV. 
Howes, W. E. S. Turner and F. Winfa, ibid. 1929, 
13, 304). As used in works practice, however, 
the rize of the cullet and its chemical com- 
podtion is such that complete homogeneity 
camot be reached during melt^. Tto do^ 
lead to irregular physical properties, particularly 
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brittleness, and for this reason it is good practice | 
to crush all cullet used to a size depending on the ; 
tjpe of ware being made 

Moisture m the batch gives improved melting 
when in small amount (c 1-2% for soda ash, 
4% for saltcake or potash-lead oxide passes) 
and seems to improve the refining of saltcake 
glasses If present to the extent of more than 
6%, the glass tends to become viscous through 
inhomogeneity 

Decolorising — All ‘colourless’* glasses 
contain some iron oxide which gives them a more 
oi less pronounced bluish or yeHowish green 
tmt if no steps are taken to counteract the effect 
If the total iron expressed as F®jOa ^ooa not 
exceed approximately 0 09%, jt may be masked 
by the addition of “ decolorisers *’ to the 
batch These act either chemically by oxidising 


1 the iron largely to the feme condition, the colour 
[ beii^ then less noticeable, orphysical/y by giving 
I to the glass a complementary tint so that, al 
I though the hght transmission of the glass is 
■ lowered and it thereby appears sLghtly duller, 
! it has no definite colour Chemical decolonsers 
ore nitrates, manganese and cenum dioxides, 
arseiuous oxide, which is always, and especially 
with nitrates m the batch, converted partly to 
arsenic oxide which can give up oxygen if neces 
saiy at a late stage of the melting process to keep 
the iron oxidised, whilst among the ph 3 r 8 icw 
decohmsers are manganese dioxide, ni^el and 
cobalt oxides and selemum Chemical methods 
alone cannot deal with more than 0 03-0 W% 
FcjOj With higher amounts a residual tint 
remains that can only be suppressed by use of a 
physical decolon«er In pot meltmg irem best 



Fio 


quality materials very little decolonscr is 
needed, less than 0 2 parts MnOjper 1,000 sand 
with 1-2 parts ASjO, being enough for lead 
crystal glass With a potash glass, nickel oxide 
may be used, but with soda glasses a brown and 
not a pink tint is given wiuch is more intense 
than that given by manganese, and the amount 
required is only of the MnO, If 

cenum oxide is employ^, then it is claimed 
that much less physici decolonscr is needed 
Nickel 13 preferred to manganese, where it can 
be used, since it is not so sensitive to the furnace 
atmosphere, for when reducing gases are present 
thin pmk tmt imparted br mangauese fadea and 
may turn to a green wmch makes the roloar 
worse than ever In the sbghtlj reducing con 
ditions that prevail m tank furnaces the best 
decolonscr is undoubtedly selemum with cobalt 
oxide to give full colour compensation Arsenic 


16 


is also added, the amounts generally employed 
per 1,000 lb sand are 0 4-0 7 oz Se, 

^ that amount of cobalt oxide or the egui 
valent of “ powder blue," and 1-3 lb ASjO, 
Much research on the behaviour of selemum 
has shown that it can give nse to colours from 
(a) elementary Se (pmk), (6) polyselemdes 
(brown), whilst selemdes, selenitea and selenatcs 
gave no colour The importance of furnace 
atmosphere and of batch composition (oxidising 
or reduemg constituents) was made clear by 
W H6fler (Glastech Ber 1934, 12, 117, atrowitK 
A Bietzel. «6id , p 297) It has been shown 
that carbonaceous matter in a sand may, if not 
too large in amount, actually improve the 
decolonsing action of selemum, but that too 
much prtxluces the brown selemum coloration 
If only very sbghtly in excess, the nse of a small 
amount of mtre will restore the balance 
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cooling dovn the 150- 
MjO- beinreen. melting and trorKns temperatmes 
^ erm more in standing at the lower tempera- 
tnres ohtaming in such parts of fhmaces feedins 
aromatic madmeiy as feeder channels and 
sheet, gl s s^ drawing chain beis, thp is liablp 
to -devi^,” that L= crystal&e maS3 
separates firom solution. The same effect mav 
^e_pl3ce at the sidewalls or on the bottom of 
the mmace or in any place where the tempera- 
tme remains continnonsly lower tbgn the 
hqtcdta temperature of the composition. In 
^“5 fe’^rer the glass components the 
earner it is for detitiig cation to occur. 


dtSl ^ glass to devitrifr may be 

fce^y determmed esperimeatanv bv heat^ a 
^aU specimen at a definite temperature for a 
tone enough to permit the establishment of 
equflibn^ condition and then cooling quickly 
( qumchmg -) to preserye any crystals that 
deyeloped. This method has been 
applied with conspicuous success by the Ameri- 
Geopl^sical Laboratory inyestiaators, 
notably fay G. W. ilorey and co-workers/to the 
ctrawmg up of equilibrium diagrams showina the 
stability relationship of the yarious crystalline 
phcises msy separate &oni glasses. An 

alternative method of study is to heat a speci- 



Fig. 17. — EqmuBBriTsi Diagsasi fob SrsTEii Na,0-SiO, — CaO-SiO, — SiOj. 

(After Morey and Boirer..] 


platinum in a fun 



r -u.:r ^ ^er attamms eo 

^ cond^us the heat is-remoyedl co' 
^ ^ ^ disposition of any erv 

fo^ dete^ed,_ their position in 'the 1 

Er^d!=”^^^ furnace temperat 

^ (G. Tammaim, Z. a^org. Chem. 1! 

J. Soc. Glas T. 

2i”fll3- >&fd. 1! 

wAi- f .’ ^ -fieston, mid. 1940, 24, TlOl, 1 

F^ented in two 
jlk £.iOw either (a) freezing-pc 

->.a o. die yarious compounds, (£) isothe; 


in the yarious “ fields ’’ or (c) boundary curves 
and tie-lines. The complete representation of 
the relatfonships in a three-component system 
such as Na,0-^-CaO — SiO, is only possible by 
a solid fiauie and the diagrams mentioned are 
merely various sections of this figure. Fig. 17 
shows the boundary curves and tie lines, t.e, the 
' composition of the various compounds and the 
fields containing the liquid'composirions within 
which they may exist in equilibrium, for the 
^a.,0‘SiO. — CsO'SiOj — SiO. part of the 
NaZO — CaO — SiO, system, acco.'diag to 
(j. \g. Jlorcy and 2s. lT Bowen (fil'd, 1525. 9, 
£26). In this region of the system there are seven 
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compounds, namely S1O2 {b-s quartz, tndymite 
and cnstobalite), CaO Si02 (in two modifi 
cations, wollastonite and pseudo woUastonite), 

NajO SiO; Na'20 2Si02 2Na20 CaOSSiO, 
Na20 2Ca0 3Si02 and Na,0 3CaO 6SiO, 
(devitnte) The last named is a frequent' 
separation when commercial bottle glass ' 
devitrifies 

Fig 18 shows a portion of the data for the 
system KjO — CaO — SiOj accordmg to G W 
Morey, F C Kracek and N L Bowen (ibid 


1930, 14, T162), and some properties of a number 
of important crystallme compounds that may 
occur in glasses are reproduced m the table given 
on the next page 

For further references to work on this subject, 
see the following NajO — S1O2, G W Morey 
and N L Bowen (J Phys Chem 1924, 28, 
1167), F C Kracek (»6»d 1930, 34, 1583) 
KjO— S1O2, F C Kracek, N L Bowen and 
G WMorey{t6ii 1937,41,1183) CaO— SiO* 

I N h Bowen J F Schairer and E Posnjak 






t*C 


Cristobal te 




Tr dgm tc-' 
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-n 



lO 

i I s 

1^1 

Hi 
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3CoO eSiO, Uqu dos 
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(Amer J Sci 1933, 26, 193) PbO— SIO*. 
R F Gellcr A S Creamer and E N Buntuig 
(J Res Nat Bur Stand 1934. 13, 237) 
Ll,0— SiO, F C Kracek (J Phys Chem 
1930. 34. 2641) Na,0— B,0,. G W Morey 

and n E Merwin (J Amer Chem Soc 
, 1936, 58 2248) PbO— 0,0, R F GeDer 

and E N Bunting (J Res Nat Bur Stand 
1937, 18. 685) KjO— PbO— SiO, R F 

Geller and £ N Banting (ibid 1936,17,277) j 

Na,0— MgO— CaO— SIO, 

(partial), O W Morey (J Soc Glass Tech 1936, 


20 245 , J Amer Ceram Soc 1930, 13, 714) 
Na,0— CaO— SiO,— BjO, (partial), G W 
Morey («&»d 1932, 15 457) 

NajO— CaO— AIjO,— SrO, 

O W Morey {ibid 1930 13 718) Sheet 
Glass, E Preston (J Soc Glass Tech 1940,24, 
139) 

Morey showed that when Al,0, replaced CaO 
in the parent glass, 

1 11 NajO 0 95CaO 6SIO, 
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it lowered the liquidus temperature from l,07o* 
to 997® at 2% AljOg by weight, further additions 
raised the temperature to a maximum of 1,028® 
at 8% addition, the minimum of approximately 
1,000° ^as reached at 11 5% after which further 
increase in AIjO, raised the temperature The 
primary pha^e separating was tridynnite up to 
2% addition, devitrite (Na^O 3CaO OSlO^) 
2-8%, woUastonite (|8 CaO SiOj) 8-17% 
In another series where AIjO j was added to the 
same parent glass instead of substituting CaO, 
a similar but not so large drop m the hquidus 
temperature was brought about by 2% addition 
Addition of 2 4% MgO to a similar parent 
glass was shown by Morey (1 c ) to produce the 
striking drop of 200® in hquidus temperature, 
the separating phase becoming devitnte in 
stead of tridymite ^\ith larger additions the 
hqmdus temperature rises again and the 
separating phase becomes diopside, 

CaO MgO 2SiOa. 

which crystallises readily The effect of MgO 
and AIjO, in thus lowenng the hquidos tem 
perature of soda-hme-silica glasses makes them 
useful additions to reduce the tendency of such 
glasses to devitnfy The soda-magnesia-lime- 
sihca glass used for electric lamp bulbs and the 
addition of alumina to batches for producing 
tubing bottle, optical and resistance glasses are 
examples of such practice Magnesia is rarely 
used in amount greater than 2 6'3% and the use 
of AljOj IS rarely abo\e 4-6% 

Substitution of part of NdjO by K^O is fre 
quently beoeUcial It is dangerous to make 
^neral st^itements, bon ever, as a small change 
in composition may more the glass into another 
field with liqiudus temperature higher rather 
than lower that of the original 

Alumina is a rery import int constituent of 
opal glasses most of which may be regarded a^ 
special cases of deritnficatum The nature of 
the opacity may he controlled to a great extent 
by the amount of AI^O, pre«ent, thus, with 
none at all, fluondes may produce no opacity, 
with 4-C% a good opal and with higher amounts 
only a sUgbt opacity Small amounts of 
chlondos and sulphates also modify the type of 
crystal separation 

E Zscbimmer and A Dietzel (Spreebsaak 
1929, 62, 600 643, 662, 684, 603, 619, 638, 657 , 
J Soc Glass Tech 1929, 13, Abs Nos 404, 
GI2) with CO workers determined the maximum 
crystalhsation relocitics and temperatures at 
which this occurs for a number of ty pcs of glass 
They state that for 

NajO— CaO— SiO, 

glasses the least devitrification tendency 
occurs when the sum of the Na,0 ami CaO 
contents is approximately 2G% Jlinleut 
(Z tech Pliysik 1933,14 418) has studied tba 
behaviour of the SiO, — CaO — Na,0 — K,0 
plassea For lead oxide glosses with constant 
PbO the effect of vanations in SIO^ and K,0 
IS shown by W Ilirsch (Glistech Bor 1932,10 
626) in the followmg table (set also R Geppert, 
and A Bictzcl, Sprcch<aal, 1934, 67. 691) 


K*0 

PbO 

SOj 

Tempera 
' tore of 
maximum 
: crystah 
sation 
velocity 

Tempera 
tuie at 
which 
: glass and 

I crystal In 

1 JIaximnm 
crystahsatlon 
velocity 
(V max ) 


3314 

60 4? 

'C 

1 370 

'C 

1,403±5 

79 5 u/mln 

8U7 

33 07 

59 60 

1 200 

1 325 


It) 16 

33 04 

56 63 

1 0^0 

1 225 

3 51 , 

12 16 

33 04 

54 55 

8o0 

1050 

6 0 u/houT 

14 03 

33 09 

52 62 

700 

860 



The Manufacture of Different Types 
of Glassware 

The mampulation of glass and its formation 
into articles of glassware can be earned out 
entirely by band, but machinery has almost 
entirely displaced Vand \a\)Our m the maifa 
facture of the common types of glassware 
capable of bemg produced in bulk to a 
standard pattern In practically all cases the 
molten glass m the furnace is taken and shaped 
straightway into, the articles required Two 
exceptional cases are (1) the manufacture 
of Mtter class optical glass lenses and prisms, 
where the pot oi glass is aUowed to cool down 
slowly and the cold pieces of glass form the basis 
of farther working , (2) the lanipworking or 
ben^'glass blowing industry, the raw material 
for which consists of glass tubing or rod pre 
xiously made at the furnace 

Manipulation by Hand — The processes and 
tools used are numerous , two or three of them 
are common to almost every operation, some 
others are abo of very general use Thus, 
gatbensg glass on a blowpipe and marvering it 
or shaping it in a shaping block are the usual 
initial stages m making any glass object 

Fig 19 depicts several of the more essential 
toob such as the tongs, shears calLpers, and 
flattening boards The blowpipe is an iron tube 
about 4 ft b in long and g-1 in external 
diameter has a rounded end for mouth piece 
and a thickened nose,” usually sLghtly 
tnimiict shaped, on. the end of which glass is 
gathered bv dipping into and rotating m the 
molten glass The warter is a polished iron plate 
on which the gathered mass is rolled on the end 
of the blowpipe until it attains a cylindrical 
form, called the panson, either hollow or sohd, 
the hollow form being obtained by blowing down 
the pipe Theglxssmakcr s chair seen m Fig 22 
has projecting arms on which the blowpipe is 
rolled backwards and forwards m order that 
the spinning or rotating shall preserve the 
rounded outhne of the vessel At this chair sits 
the master workman, or ghssmaker, who 
finishes the article by means of various tools 
in conjun-tion u itJi rotation of the pipe 

The vanous types of hand operation may be 
classified as (1) free hand work, involving 
gathering, marxering, blowing and drawing as 
m making glass tubing, (2) turned work, or 
chair work, involving, possibly , all the preceding 
processes together with the use of toob, (3) 
mould blown work, in which the roarvered 
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maker then finally rotates the cylinder on the hare aloo been tried The mo ilds of wood and 
arms of the chair and b\ means of tong< rounds carbon prodnce the best fim»b whilst the iron 
off the bp The second process of finishing is moulds are less satisfactory from this pomt of 
descnbed under Edge Melting and Gracing Tiew" although their durabibtw causes them to be 
off Machines m the section deahng with cold used in the majority of cases Where exceed 
working processes (p 602) ingly good finish and high wear resistance is 

The mampnlationofgla's on the pipe isf irther needed mckel chrome steels hare giren ren 
illustrated bj Figs 21 and “2 good results eg for jress iioolds Metal 

In the case of mould blown j,h lare the moulds may be used dry or na\ be covered intl 
gathering of glass after being inar\cre<l and some form of lubricant u«uaU\ a paste m 
formed into the panson is llown oit into a «hieh case the moulds are referred to as paste 
mould corresponding to the external sue of the moulds The paste is frequently a raiitnre of 
article required The moulds may be of wood, finely divided carbon such as lamp black or red 
carbon brass or iron Moul Is of special allovs lead and well boiled linseed oil but other forms 



of paste are m use The paste must be thinly are used according to tl e thickness of the neck 
and umformly spread and the moulds after In heavy bottles with a thickened neck the 
each blowing operation are d pped into water to latter is made at the furnace by the bottle 
cool them and prevent the paste being burned maker who adds an add tional ribbon to the 
away too rapidly Electric lamp bulbs chim neck where it ho-s been broken off from the p pc 
leys blown tumblers beakers and fiasks are and then bj rotating the bottle at the char 
blown m paste moulds and inoert ng a neck form ng tool tl e i cck m 

Hand made bottles are almost invariably given its final shape In 1 ghter made bottle* 
blown in dry moulds The process jnvolvca si cl ae those used for medicines tie end which 
gathering at the end of the pipe marvenng into las been I irst off from the blowing iron h 
the panson which nsually has a somewhat seftene 1 m a small subsidiary furnace known 
smaller d ameter at the end adjacent to the as a gloij hole u« lallj heated bi town gas or 
1 ipo than at the free end b nngmg sligl tl^ to o 1 an 1 the neck is formed I ^ pres.* ng back 
cause elongation and then blowing out into tl e the eoftennl port on of the glass bv means of 
mould IVo methods of finishing the Imtlle the neck f rraing tool \ ery few bottles are 



noj hand aads the prwess being almost eom- ' c!a=s are made bv hand. Flasks and b-al-er= are 
pl^elr rcpla-d bj mechanical method^. _ _ hlorm in paste ioiiId=. Fm. 23™o “ a“S^rfd 
Chemical, Scien.i.ic and Heat-Resisting for a flask, and Fig. 24 the initial form of a 
G assv/are.— AImo-‘ aL types of th=s p3rti<T3lar beaker, the shoulder n cut off by the second 
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'£y lynr/n of St 'rri f vr-* y 

Fig. 22 . — Hato) VToeelvg. 


jtr<'> -ea.- desTiled m conn'^etton rich the to a holder h^Id by amth'^r operator. hen the 
tumbler fp. 602). and the edges are h«-ated and union fa frm. the a<-sidant vdth the holder 
danced and a Iip added vh°re desired. ! walLs backward? along a wooden tra<"k crossed 

g1 ass Tubing fa drawn by hand by fir=t by =trip^ of wood, pulling out the glass tubing 

3-= he walks, the chief glas= blower at the same 


r 1 



Fig. 23 


Fig. 24. 


mnrvering a thick hollow cvlmder of glass, built i time turning his blowpipe to and fao and 

np several gatherings, and then lowering this j OTasionally blowing down it to prevent the 

cvlinder in a vertical position until its base j wall- of the glass &om rollapsing Th'^ tubmg 
rmif'-s with a disc of hot and 'oftglas^. atteched fa laid on wooden strfp- and after cuohng 
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rat into lengths. Afo't tubing is now made bj 
automatic machinery de«cribsd later 

Glassmaking Machines 
The following general types may be di. 
tinguished according to the type of gla'a and 
the process mrolred. 

CoXTAISEB A>D DOMESTIC AViEE. 

(1) Pressing Machines> producing di&be>, 
jars, plates, lenses, bowls, common heavr 


! tumblers b\ the pressure of a plunger on glass 
contained m a mould of suitable design. h»re 
the article must be of precise dimensions it i« 
cnrtomaiy to pronde an orerflow portion or 
I “ font ” to accommodate eice^ gla-ss and fre 
I quentic the presjure is exerted br the plunger 
1 acting on the glass m this font portion Fig 25 
shows a «iinple type of pre«« The table and 
plnnger rod miLt be rigid enough to ren*t 
I deformation, and, particularly in automatic 
workinir, adequate coolmg should be proyided. 
, This M nsnaUy effected by air blast on the 
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moulds and water cooling inside tbe press 
plnnger 

(2) Blowing Machines which can be sub 
diTidcd again according to the waj in which they 
cany out the two distinct etaees of formation 
through which practically all hollow ware pas«e« 
namely fonratjon of thepanson and blowing the 
panson to the final shape Panson formation 
may be earn'd out by pressing blowing or 
suction, whereas in nearlj all cases, final shaping 
IS sccoropluhed by blowing, though one type of 


Roirant Machine uses suction for this purpose 
. Consequently, the machines are known as 

(a) fVes* and Blote Slachincs, used to make 
wide month ware, such as jam and pickle jar« 
mdk bottles of certain tjpe« ^liller, Slitchell 
and the Hartford Jlilk BottI** machines are 
I examples of this type worked in conjunction 
I with feeding devices 

I {h) BIok end Blcnr Mafhtne^, to which belong 
I the narrow neck container forming machines 
I that are charged by gravity feeders In this 
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small high class containers such as scent and 
pharmaceutical bottles but is bj no means 
confined to such work 

(c) Suck and Blow Machines form the panson 
by suction, and as the mould cavity is filled 
with glass this method gives close control of the 
amount gathered and hence produces ware of 
constant capacitj Since the moulds actually 
touch the molten glass in gathering, tempera 
ture conditions are severe and moulds need fre 
quent cleaning and repair As the mould is 
raised from the glass a knife cuts off the tail of 
excess glass and throws it back into the fore 
hearth Tlie knife rests below the gathering 
orifice fora short time until just before the mould 
opens and then frequently a shght puff of air is 
blown around the neck plug to form a starting 


! cavity for the final blowing This also has the 
; effect of expelling a little hot glass through the 
gathering onfice to reheat the chilled portion 
that has been m contact with the knife The 
panson is then transferred to the blow, moiiM 
and blown to the finished shape 
The first of such machines to u ork successful!} 
was the 6 arm type constructed by Jlichael J 
Owens, an Irishman m America, and 10 and 
even 15 arm machines wore later developed 
Fig 27 shows a 15 arm Owens machine and 
Fig 28 IS a diagrammatic view of one umt or 
arm of the machine A revolving pot, Fig 29, 
8-10 ft diameter and only a few inches deep fed 
by a stream of glass from the main melting 
furnace serv es as the pool from which the suction 
moulds gather, thus ensuring that each successive 



mould gathers fresh thernnlly-hoinogeneous 
glass and that each sheared tail cut off by the 
knife is reheattd and blended with the glass in 
the jwt before another gather is taken from that 
particular spot This pot needs a spcci il housing 
and heating burners and is a dccidedl} expensive 
device to run consequently later inventors 
dovise<l altcnnlivea in the form of stationary 
forehcarths built on to the sides of the vtorking 
ends of the furnaces These in general arc not 
so satisfactorj but with care can bo usc<l siiceetis 
fully The later suction machines too are 
smaller than the Owens which had such s large 
production ns to make it unsuitable for the 
execution of smalt orders (using tnple moulds, 
more than 200 small bottles a minute can be 
made) Tlius the O Vcill suction machine 
(Hg 30) IS a twin tabic machine having 3 4 


or 0 seta of moulds the Monish Fig 31 has 3 
! sets and the Roirant only one set, though a later 
i fyp® Roirant has six seta The single Roirant 
I machine actually sends its suction mould C into 
i the furnace to gather the glass (I ig 12) ith 
'■ these smaller machines a much more v aned out 
put may be produced since several can be 
operated from one furnace, each making a 
diffe^nt class of wart A more constant load 
may also be kept on the furnace with such an 
arrangement 

TIib suction machuies so far mentioned are 
used for making container glassware, but a 
Binular principle is used in those of the West 
lake type (BP 26222, 26225/11, 397425) 
(Westlake Ivanhoc, Ohio) making electnc lamp 
bulb cylindncal thermos flask and tumbler 
bbnks A ram is reciprocated in and out of 





GLASS 


a “ gathermg boot ” built on to a tank furnace. Wow up the masses to form a parison and turning 
and gathers two or more charges of glass in through ISO® to allow these to elongate suffi 
small suction moulds These it drops on to up cientlj by the time the blow moulds close around 
turned blowpipes where they are secured by them for the final blowing to shape Paste 
hinged clamps which engage flanges on the glass moulds are used for these machines, and during 
and the blowpipes, rotating, go through the the idle part of their cycle they are dipped m 
motions of a glefts blower giTing pufiTs of air to water or suds A more recent development of 
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MitcLell macliines do this, -n-liilst the Roirant, 
Westlake and Ohio machines gather from a boot 
inside the furnace or from the fomace itself. 

(3) Drawing Machines are used to produce 
uindow glass on the one hand and tubing or rod 
on the other. 

{a) Tube Drawing . — The first and most ^dely 
used proL-ess is that of E. Danner (B.P. 110642. 
111521 both of 29 November. 1916; U.S.P. 
121S59S, 1219709. 1220201 (aU of 1917). In 
this, glass melted either in a tank or pot furnace 
is transferred to a special pot 1, Fig. 35, provided 
vrith a discharge spout feeding glass into a trough 
3. the glass level in Tvliich is kept constant by 
means of an indicating device 4, 5, 6. The 
trough is divided into three compartments by 
bridges which hold back surfiice impurities from 
the glass passing through, the flow is controlled 
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fay the gate S and the glass escapes over a lip 9 on 
to the mandrel in the form of a ribbon. The man- 
drel comprises a tube 11 of nickel-chrome alloy 
on winch is mounted a sleeve 13 of refractory 
material provided with a nichrome nose 14. 
The mandrel is housed in a muffie heated by a 
gas burner to a controlled temperature and 
is rotated by gearing so that tlie stream of 
glass from the trough is uvapped roimd it and 
the inclination of the mandrel (12-18°) causes 
the glass to flow dorvn to the tip from which it 
is drawn off as tube or rod (“ cane ’’). In the 
former case air under pressure is supplied to the 
other end of the mandrel and the size and wall 
thickness produced depend on the amount of 
glass fed per unit time, the air pressure and the 
rate of drawing. Between the mandrel and the 
drawing machine is a tube run of 100-180 ft. 


D^fNNER FURNACE LAYOUT 



1 rwNCN?;; pot 

2 SP-~\~ys 

3 T5SU5ri 


^ iv^.-AToa EOOT 7 bar Rit aOTi 15 CLAY 

A cdgyvn TOST. R GA.~ ii N.r. p.i fV Fi=2 M NiCs TIP 

ft noAT a TR(x.GH UP i?N.ra rni.LA.R 15 glass 

[Fig. 35. — ^Daitivep. Tdbe-Deawikg Macheve. 


consisting of a series of grooved pullet’s, some- 
times asbestos lined, spaced verj- closely near 
the mandrel and about 30 In. apart near the 
drawing machine. Part of this may be covered 
to control the rate of cooling in the critical region. 
The drawing machine consists of two caterpillar 
endless belts faced with asbestos, between which 
the tube or rod is fed. The top belt is'adjustable 
to take various sizes of product and is spring 
loaded to give a grip on the work. The rate of 
pull can be varied from 16 to 900 ft. per minute. 
At hish speeds the work is cut into 4r-5 ft. 
length^ by a revolving vane arrangement which 
just breaks each length roughly, but for larger 
work the cut is made truly by wet carborundum j 
stones, traveHing at the same speed as the tube 
and acting in conjunction with a device to apply 
a breaking moment. The cut lengths are then 
fed to a gansring macliine which move.^ them 


one at a time over a series of gaps, increasing in 
size until the glass falls through one of them. 
The production of the Danner machine is indi- 
cated in Table XI. 

In contrast with this side-drawing process 
there is the W. J. Woods (B.P. 354509 ; U.S.P. 
1829429) process of vertical drawing which has 
been applied to the production of thermometer 
tubing with a white stripe backing the bore. 
Glass°from the main supply 26, Fig. 36, con- 
trolled by the -gate 32 is drawn up from the 
nozzle 30 supplied with air imder pressure by 
pipe 31, 39 and the white enamel for the stripe 
is introduced from container 34 by nozzle 35 at 
a point which can be controlled by adjustment 
of the position of the container 34. L. Sanchez- 
Vello, B.P. 349315, has a process in which 
the tube starts vertically downw.ards (Fig, 3/) 
from an annular orifice between an aperture 
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Table XI — Productiov, etc, of Tube abd Rod o^ Danker AIaciiiise^ 




Wall 
(ram > 

Bate of 

Un 

% of 

Blowing 

Temperatures, 'C 


ss 

drawing 
ft per DUD 

ganged 
lb /mm 

product 
to size 

pressure 
in M G 

Pot 

Ribbon 

Muffle 

30% PbO 

3 25-3 75 

Rod 

280-300 

55 

70 

nil 

l.OSO 

1,040 

900 

glass 

2-2 5 

0 4-0 5 

820-840 

6 

70 

0 01 

1,100 

1,070 

800 

45-55 

0 7-0 85 

300-320 

6 25 

76 

01 

1,100 

1,075 

860 


6 5-7 5 

0 9-1 1 

180-200 

65 

80 

06 

1,110 

1,090 

950 


10 5-12 

3 86-1 02 

120-130 

75 

85 

12 

1,110 

1,090 

950 


17 5-19 5 

1 5-1 75 

44-48 

75 

90 

1 6 

1,110 

1,095 

900 


24-26 

06-07 

68-72 

70 

90 

70 

1,140 

1,120 

960 


40-^5 

10-1 25 

22-23 

75 

95 

ISO 

1,140 

1,125 

990 

Lampwork 

5-6 

3 75-1 0 

165 

35 

95 

02 

1,120 

l.OSO 

1,000 

ing glass 

11-12 

1-1 25 

50 

3 75 

95 

05 

1,120 

l.OSO 

1,000 

(18 5% 

26-28 

1-1 25 

30 

5 

80 

6 7 

1,110 

1,070 

1,000 

NajO) 

Bl-33 

1-1 25 

33 

C 

so 

57 

1,110 

1,070 

950 

Mercury P.e 

7-8 

0 8-10 

110 

35 

93 

0 02 

1,110 

1,080 

990 


14-15 

1-1 25 

45 

3 75 

95 

06 

1,120 

l.OSO 

I 000 

lime glass 

20-22 

1-1 25 

38 

45 

95 

1 5 

1,120 

1,080 

1.000 

37-39 

1-1 25 

20 

55 

70 

83 

1,110 

1,085 

980 

Yellowopales 

9-10 

1-1 25 

80 

35 

95 

04 

1,180 

1,110 

1,040 

cent tubing 
glass 

19-21 

1-1 25 

30 

4 25 

85 

1 07 

1,180 

1,110 

1,040 
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m a forehearth bottom and a rotating hollow 
mandrel with a flared end orer which the 
glass stream flows The tube is actually drawn 
oil by a side pulling derice located some dis 
tance from the forehearth and special means 
are provided for altering that distance to suit 
the drawing After cutting into lengths the 
latter are dehvered on to a conveyor band feed 
tng on to an inclined plane so that the tube is 
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kept gently rolling until cool enough to put into 

All the abo\e arc continuous processes, but 
there are discontinuous ones in w hich preformed 
annular glass blanks are threadwl one after the 
other on a mandrel located in a furnace so that 
the\ soften and fuse together to form a thick 
sailed tube which is drawn off to suitable size 
» the lower end of the mandrel Such a pro 
cess IS patented hj P. Blum and P A J-avre 
(BP 3lXK>IC, C(M064) The adiantage is that 
the bkinka ma\ be made at anj time and stored. 


and that quick changes of glass type can be 
made Usually, however, to econonuse heat 
the blanks are taken straight from the press to 
be threaded on the mandrel whilst hot 
(6) Window Glass Drawing — The processes 
fail into the foUowing classes 
(i) lerlieal Drautng as m the Fourcault and 
I Pittsburgh processes In that due to E 
Fourcault (BP 28700. 1903, FP 338140, 
1904. GP 161270, 178579, 178580, 182829, 
165839 and many later), first operated m 1914 
at Dampremy, a debiteuse, Figs 33 and 39, con 
sisting of a shallow fireclay boat with a slit 
running along the bottom is held submerged in 
the glass in the draw ing chamber A, i ig 40, fed 
with glass which m its passage from the melting 
end of the furnace has been skimmed free of siir 
face impurities by the floating bridges shown 
stretching across from either side A thm ribbon 
of glass IS thus extruded from the sbt and this is 
caused to freeze round a “ bait ’ consisting of a 
metal bar studded with nails and carried by a 
wire screen which is drawn by the asbestos 
covered rolls until the glass sheet itself cm be 
engaged by tbe latter and usetl to provide the 
gnp The rolls do little more than remove the 
gla^ ribbon as it is formed, and this in con 
junction With the debiteuse overcomes the 
tendency of surface tension to cause a narrowing 
of the sheet leading to failure It w as this difli 
culty which presented much earlier processes of 
an Fnglishman, AA Clarke m 1857 (B P 489, 
187?) and of Parish and Frank in 1881 and 1883 
from being successfully operated Cooling 
“canisters” of metal through which fluid w 
circulated are disposed on either side of the sheet 
immediately above the floor of the debiteuse so 
that the glass temperature is brought down from 
l,QIO°C in the drawing chamber to about C50® 




Fig. 37. — Do-r^tvabd Dbawxkg of Tfbes-g 
sr L. S.-Tello Process. 

dropped to alxJTit 125“^. Shortlv aftenrards the 
. ribbon of glass emerges on to the top floor of the 
bnflding, -vrhere it is cnt into sheets and taken to 
store after immersion in a dilnte acid tank to 
remove surface alkah'. To give relief against 
cmshing pressure in the event of irregularities 
in the sheet, one of each pair of rolls is carried 
on a bell crank lever trith a loading weight 
capable of adjusting the pressure at which the 
roll lifts away fiom the sheet. These levers 
inay be seen at the right of Fig. 39 whilst the 
motor drive to the other members of each pair 


I DEBITEUSE 

Fig. 38. — ^Feeticai. Deawemg of Wntcow 
Geass Br FotrECATn.T aitd PrrrsBrEG 
Peocesses. 

to obtain “ sweet ” working conditions the glass 
was made with a high alkali content, but this 
has not been the case for many years and 
modem compositions run around SiO., 72—73, 
AUOa and Fe.Oa 0-5, CaO 9-5-10 o, MgO 
1’5^, Na.,0 13*5—15/0. 

The Pit'tsborvh Plate Glass Co.’s process 
(H. SlinsIuS; UrS.P. 1556726, 13.10.25) is very 
similar, but diSers principally in that instead 
of the debiteuse a " drawbar ” of refractorj' 
material is located a httle below glass level to 
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define tlie line of draw of the sheet Vanous 
coolers of U form and other shapes arc used to 
chill the edges as they lea\e the glass surface 
The glass composition is similar to Fourcault 
glass, hut the AljO^ is often about 1 6% 
Production is approximately 100 ft per hour 
for single strength (2 mm ) the width of the 
sheet being 76 in though ‘Ml in niitl more is 
drawn nowadajs 

(ii) llorizonM Drawivg is earned out in the 



Colburn or Libbey Owens process (UJ5P 
8GO*i2S, Ootolicr 12, 1903) put Into operation id 
1018 In this the sheet is still taken acrticall> 
from the gla<>s m the drawing tank but it H then 
l>ent orer a roller and dfawm horiroiitall^ The 
sheet IS pnpped by pairs of v, ater cooled knurled 
rolls K, hig 41, engaging the edges, being dn\rn 
at 60-25% of the diawing Telocitj so that a 
stronger tension exists m the sheet obo\e than 
below them, and the usual water coolera 
are emplowl on either side of the sheet to eon 


trol tlic temperature The draw is made from 
gloss at about 900° m a forehearth 16 cm deeji 
Prided a bridge from the mam furnace ami 
capable of being heated or cooled from below 
Slaborata refractory tiles serve to eli min ate 
draughts above the drawing region The sheet 
w bent over a highly pohshed, air cooled 
nirhromo roller 16 cm diameter nt R about 
63 cm above glass level after being softened 
slightly by the burner B rraction is provided 
by the two caterpillar belts T faced with asbestos 
pads and the sheet passed on down a 200 ft 
lehr for anneahng Drawing speed vanes from 
25 to 100 in per minute for thicknesses of 
yfaV ••• • asheet of 1 76 metres being a common 
' width Each melting fitrnaco supplies one or, 
at the most, two machines, and as in the case 
of the other processes very large furnaces are 
employed in order to obtain glass sufficiently 
homogeneous by the time it reaches the drawing 
chambers, a single machine furnace holding 
about 400 tons of glass 

(4) Rolling Processes — Lucas de Nchou 
m 1688 developed a process of casting glass 
from a crucible or pot on to a metal table and 
flattening the mass to a sheet by iheans of a 
toiler As developed later the process employed 
mainly oval section pots of 20-30 cu ft capaaty 
set m pairs id the arches of each long side of a re 
geuerative furnace With soda ash batch 25-40 
melts per pot were obtained against only 10-25 
with saltcake batch The batch was charged 
into the pots m 3 portions of 16, 26 and i-8 
scoop fulls at intervals of 5 and about 4 hours 
respectively, each filling being allowed to melt 
completely ^fore adding another (E Lutz, Glass 
Ind 1930, 11, 227 it siq ) The pots were re 
moved by crano or by band tonga and carried 
to the costing table approximately 391 x 217 in , 
budt Mp of sections bolted together and there 
tipped on to its surface Organic dust was 
carefully excluded and either sand or glass 
grams were scattered on the metal surface to 
prevent chilling of the glass The uso of water 
cooled tables and heavy rolls enabled the uni 
focauty of thickness of the sheets to be reduerJ 
from 0 020-0 550 in to 0 395-0 435 in (to 
produceO 25 in plate when ground and polished) 
The rolls used had a diameter of 23-26 in and 
length of 16 5-18 ft , weighing 20,000-23,000 Ih 
Ribbing the roll to a depth of 0 03 m reduced 
the waviness of the sfieet, which was rolled with 
a velocity of 76 ft per second by drawing tho 
roll over tho casting table by means of wire roiw 
wound round a drum on tlie roll axle TJio 
rolled sheet was bfted by “ stowing tools ’ 
having thin fingers to pass between sheet and 
table and was earned to a lehr ( ‘ Stracou ’ ) 
consisting of several chambers through which 
the sheet yvas moved step by step on a flat sup 
port aa it cooled dow n through the critical range 
before being sent down a lehr to cool In spito 
of improvements this method could not compete 
with tho modem drawing processes and it has 
been displaced by the Bicheroux and 1 ord 
methods (7 v ) 

Figured Glass — The original ^fason and Con 
queror patent (B P 13119, 18S4) was deveIop«l 
Ij Chance Bros and 1 I Chance (BP TBS’, 
ISOO) to make figured glasa A mass of molten 
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The Ford Process is a continuous one in which 
glass flows from a furnace 36 ft long X 20 R 
wide X 6 ft deep, Fig 43, down a 14 in wide 
spout controlled by gates to the pass between 
water cooled rollers of 9 in and 48 in diameter, 
the lower one driven at about 40 in surface speed 



a 


Fro 


emerging The time to traverse the lehr is 
2 hours 20 minutes The unit has a capacity 
of 16,000 sq ft per day In Britain the process 
haa been developed by Pilkington Bros , Ltd , 
to make very much wider sheets 



Drawing Processes — Glass Threads and 
n od — ^This u made bj three types of process 
(a) Drawing by revolving drums either from rods 
softened by blowpipe flames or from drawplates 
provided with a number of onlices located in the 


per minute A sheet 40 in wide suitable for 
motor car screens is produced as a nbbon which 
passes straight into the lehr 440 ft long In 
the first section the temperature is 693°C , 
dropping by 28® per section to 343°, after which 
the sheet cools to room temperature 'before 



bottom or sides of a small furnace melting cuUet 
or glass previously prepared in the form of 
marbles to facihtate constant feeding in of 
material Threads of mean cbameter 0 02-0 03 
mm are commonly produced Several fibres 
may be spun on to one drum to form a thick 
layer which is then cut longitudmally to form a 
mattress or blanket for insulating purposes when 
opened out and stitched or sprayed with ad 
besive (h) Droppmg thin streams of molten 
glass on to a disc revolving at high speed so 
that threads are thrown off bv centrifugal force 
(c) Entraimng thin streams of molten glass by 
high pressure jets of steam or air so that the 
mass M attenuated to fibre dimensions (USP. 
2X33235, 2133236. 2133238) The last named 
process gives the finest fibres (0 01 mm ) and is 
used by the Owens Conung Fiberglas Corpora 
tion of U S A The product has b«n made into 
yarn by combing and spinning and woicn by 
ordinary textile processes to produce cloth and 
tape that has many uses m the chemical, fire 
preventing and electncal and heat insulating 
industnes Production is stated by L von Reis 
to be, m kg per hour, 0 6-1 0 for the rod, 1 0- 
1 5 for the orifice, 10-60 for the centnfugal and 
100*500 for the blast process 
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Sod&-lim&-eibca glasses anneal in the range 
540-610®, and resistant chemical ware glass 
may need as high as 630®. 

The effect of various oxides on the annealing 
temperature was studied by Turner and co 
workers-and by G Gehlhoff and M Tliomas 
(Z tech Physik, 1925, 6, 333) Oxides of Na, 
K and Pb progressively reduce it when substi 
tuted m the parent glass SiOj 82, NajO (K^O) 
18%, to replace SiO^, CaO, MgO and ZnO 
and AlyO, increase it, BaO and FCjO, have 
little effect at first and in large amount reduce it , 
whilst B^Oj increases it up to about 20% B^Oj. 
after which further additions cause a decrease 
Strain is detected in glassware by inspection 
m polarised bght lilodem instruments give a 
large though slightly non umform field but per 
mit easy manipulation of the ware inspected 
The incident light is nearly always polansed by 
reflection from a black glass plate and m one 
type the second polarisation is similarly earned 
out, though usually a Nicol prism eyepiece is 
used for this purpose Recently the matena) 
“ Polaroid " has been used to replace the NicoI 
To render the birefringence effect more easily 
visible a sensitive tint plate (mica or selenite) is 
employed 

Lehrs — The actual annealing process is 
earned out cither in a kiln (now only used for 
very heavy articles such as blocks of optical 
glass or pavement lights) or a lehr In the first 
of these the ware is stacked in trays packed with 
sand and insulating material an^ the whole is 
heated up and then cooled slowly Lehrs are 
now usually of muffle t^e though a number of 
open fired ones exist ^hey coosut of a tunnel 
60-75 ft long and 3-8 ft wide for ordinary work 
(but maybe 300 ft long or more for window glass) 
down whicbxuus on a track a stnng of iron pans, 
or a continuous belt 5Iodem practice favours a 
wire mesh belt because of its small heat capacity, 
since it returns outside the lehr and must be 
heated up again Belt speeds run between 20 
and 70 ft per hour and can be vaned to suit the 
ware The fuel consumption has been much 
reduced by careful inaulation of the refractory 
hiung of the first part of the tunnel where the 
ware is kept hot enough to reheve strain, there 
after the temperature is allowed to fall along the 
lehr at a rate that does not cause reintroduction 
of strain to any senous extent If the input 
IS sufficient the ware may take in enough beat 
to anneal itself without any external supply, 
but usually either gas, oil or electneal heating is 
provided Electnc lehrs have the advantage of 
excellent control and low maintenance costs 
The insulation is reduced down the lehr m steps 
and at the cool end air is drawn in by a fan 
Similarly hot gases can also be drawn in from 
the inlet end to keep up the temperature further 
down the lehr A refinement, not yet general 
practice, is the use of a separate narrow lehr to 
take the prodoction from each individual 
machine so that the anneahng schedule may 
exactly suit the article made Fig 44 shows 
diagrammaticaDy a modem type of lehr 

Hardening of Glass. 

This mav be earned out either by the process 
of De la Bastie or by that of Siemens In the 


; former, discovered m 1873, the glass article, 
while still red hot, is quenched m a bath of oil 
or fat, the actual temperature of both glass and 
the bath, that is, the quenchmg range, depending 
both on the composition and thickness of the 
glass Sodium-calcium glasses can withstand a 
greater quenching range than the lead glasses 
The process results in the sudden chilhng of the 
onter before the inner layers, so that the surface 
layers undergo greater shrinkage, causing them 
to be subjected to compression, whilst the inner 
layers, on the other hand, are in tension Glass 
in this condition becomes less brittle, is more 
elastic, and capable of withstanding mechamcal 
shock and sudden change of temperature, but 
if the surface is once broken the whole mass 
shatters 

In Siemens' process, the temperature of 
pressed glass articles is rapidly but umformly 
reduced in special moulds, or between metaUic 
or clay plates maintained at a smtable tempera 
tuie Pavement bghts treated m this manner 
resist cutting by a diamond (See “ Toughened 
Glass,” p 608 ) 

Compound Glass, the basis of the “Durax" 
water gauge tubes, was developed by Schott to 
give the same resistance to shock and change 
of temperature as hardened glass A gather* 
ing of glass 161** is made over 59”* and the 
cylinder drawn into tubing The former has 
the larger thermal expansion (and contraction), 
so that on coohng the outer layer is under com 
piession and the inner under tension When 
the tubing IS heated up both compression and 
tension become relaxed Glass 50^^ which 
forms the inner layer is also very resistant to 
the action of water and steam 

CoLK WORKINO or Qlass 

Processes applied to glass after fabrication in 
the plastic condition and subsequent anneahng 
are grinding and pohshing, cutting and en 
graving, etching, painting or other form of 
decoration such as silvering 

Grinding and Polishing is earned out on 
plate glass after rollmg by the foUowmg 
method 

i)MCOntinuous — In the old method circular 
tables 24-36 ft m diameter weighing 75-80 tons 
were mounted on rails to move between the 
grinding and polishing stations and at each end 
were registered over, and fastened to, dnving 
shafts which revolved them from below (Fig 46) 
Their speed was 20-28 r p m taking up to 500 
h p for grinding, and 13-22 r p m taking up to 
700 b p for polishing, whilst tools charged with 
abrasive or pohshing matenal (rouge) rotated 
eccentrically m contact with the glass The 
gnnding with sand and three grades of emery 
took 1-1 J hours per side and the polishing 1-li 
hours 

Semi Conlinuoui — The circular table was 
awkward to fill economically with rectangular 
fragments, and with the introduction of the more 
rapid methods of raw plate production a straight 
line track system of grinding and polishing was 
followed, in which the sheets were laid upon 
doth on flat cars and were bedded with plaster 
to fill the Jomts The cars are then sent down 
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tbe %ery carefully levelled track bclou a eecies' 
of grinding heads (43 at lord Uiver Itooge 
Works) and polishing heads (30 at River Rougo), 
BufScient space being provided for thorough 
washing to remove each grade of nbraan © (sand 
garnet, carborundum etc ) before passing to the 
next and for inspection before polishing The i 
pressure on the grinding heads is 12-40 kg /cm * I 
and on the polishing from 4 kg /cm * at tho I 
start to 2 at the finish of tho operation and the 
the speed of travel of the cars about 3 ft per 
minute Various washmg processes have been 
evolved to overcome the caking of the rouge on 
the polishers in these continuous processes 
\\ hen one side of the glass has been polished the 
sheet IS turned over and tho process repeated 
In some methods tho cars go to a second hne of 
grinding and polishing heads but in the Pilking 
ton method they are returned to the starting 1 
point below the track which is built nt a higher 
level for the purpose 

Fully Continuous — The moat up to date 
method of dealing with the continuous nbbon 
from processes such as that of Ford is to gnnd 


botli top and bottom surfaces Biiuultaneoualy 
Fllkington Bros andj K Gnlfin (B P 4C9951 
6 2 36, also BP 492288 17 3 37), do tius by 
adjusting the lower set of tools to precise abgn 
ment and providing pairs of rollers to support 
the sheet between the pairs of tools and at the 
same time feed it forward The rubber covering 
of tho rollers is adjusted to give the necessary 
resilience the upper one being softer than the 
I other (B P 401851, 1937), and means are pro 
I Tided (BP 489CC1, 1 2 37) for playing on 
streams of water to wash grams of sand away 
from the rollers to avoid crushing the glass 
Other Grinding Processes —Lens Ortnl 
t) y — A number of glass blanks are secured to a 
block of cast iron which is turned to the appro 
pnate curvature and is coated with a mixture 
containing boiled wood pitch and resin After 
coobng the block is screwed on to a vertical 
spindle which is caused to revolve whilst a 
tool of cast iron of opposite curvature to that 
of the block is moved over tho surface under 
pressure being oscillated over that surface by an 
atm resting on its centre the tool being free to 



revolve by the friction with the block below 
Emery or carborundum mixed with water to a 
thin cream is supplied to tho work nnd at in 
tervals is w ashed off thoroughly and replaced by 
a finer grade of abrasiie At each stage nil, 
marks from the prcMOUS process must bo re 
mo^cd before proceeding to the next linally 
rouge IS substituted for tlionbrasneand the tool 
is changed for one coiered cither with felt, if a 
rough figure is pcrmi‘>aibio (common Icnsca and 
some spectacles) or with pitch if the highest 
optical perfection is required (photographic and 
other oj ticsl parts) A number of spindles are 
commonij drnen from one shaft friction 
clutches being provided to each s] indie Tie 
greater tl e kns curxature tl e fewer the j icces 
that can bo dealt with on one block 
Stopper and Tap Gnndtig — Tie stopper 
blanks (pressed as a senes of radiating spokes ’ 
from a centre cup and then broken oil or for 
larger ones mdividuallj made) are knocked into 
woollen chucks on horizontal spin lies and a piece 
of sjntigj sheet iron bent up on a mandrel to 
tho desired taj>er is j ussed oxer the part to be 


ground and fed xvith abrasive and water being 
pinched together by pressure applied to the ends 
which arc tent out to form wings On a similar 
spindle runmng parallel w ith this is an iron plug 
of tho same taper which is used to grind the 
bottle mouth (or barrel of tl e tap) after which 
the stopper and bottle or plug and tap are 
ground together 

Mouth Onnding eg of tumblers is carried 
out by holding tho tumblers upside down in a 
cup on a stone revolving on a vertical axis A 
smoll tube passing through tho axis of the stone 
supplies water and the ghss is rot ited about tl e 
axis of the cup w Inch is slightly ccentric to that 
of tho stone Alternatively tlo tumblers may 
be put IQ hoi Icrs right way up and brought up 
to stones driven at 1,700 r p m by individ lal 
motors (see 1 \enis J Soc Glass Tech 1937 
21 310) in a revolving macluno carrying C 8 or 
12 hea^ Fig 40 \anous types of stone arc 
used 150 P2fl Alomle ’ being typical The 
latter typo of machine keeps the drive mechanism 
above the water 

BoUovt and Decorative Onndtng is carried 
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out by machiiies canying one or more stones 
revolving about a horizontal axis and provided 
with holders for the work which can be brought 
up to the stone by pedal as for bottom grinding, 
or which are held up to the stone by counter- 
weights and at intervals are held awav whilst 
the holder is indexed round a Laction of a turn 
before being brought up to the stone again, as is 


done in grinding flutes and olives ” on the sides 
of tumblers and the like. 

The DzcoEA’noH ahd Aetee Teeathest 
or Glass. 

These processes may be divided into two 
classes, namely: (1) those carried out at the 
furnace during the formation of the article; 




Fig. 46. 


(2) those dependent on the treatment of the sar- glass tubing or rod by lampworking or bench 
fac-e. To the former bJong such processes as ^ass-blowing. 

casina, spinning, filisree and mosaic working. Casing consists u=ually in spreading a nnifonn. 
The second class is divisible into two groups, thin layer of colour over an article of colonrfc'' 
accordinS as the surface is treated by mechanical glass. The coloured glasses rnost^ commomv 
means, such as those involved in decoration by used are ruby, blue and opal. Tlie esscnu.il 
ciindimr, cuttiuE. bevellinu. polishing, en- conditions for casing are that the gla-^cs^snall 
mavina“ sand-blasting and frosting ; or by the have approximately equal coefficients m ex- 
action of chemical reaseuts. such as in etchiuu. pansion and siznilir temperature-vi-cO'ity cna- 
sflverinm iridising and in glass painting. In j racteristics and be soft or plastic. ot 

rathera differenreategory is the art of treating i fairly hirh lead content arc ven- suitable lor 
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such treatment Onemetho(lofcarr\ingoutthe Sculpture — Use oj Hand Tooh — In recent 

operation is to make a gathering of the colourless >ears much use has been made of a small hand 
glass, to blow it up slightly, and then dip mto a motor, notably the Bosch machine, which takes 
pot of the coloured glass in such a way that a small abrasive tools enabhng work of an en 
umform outer lajer IS obtained The combined giavmg or mtagho type to be carried out on 
gathering is then worked up by turning or Wow large panels of glass which could never be dealt 
mg in the usual manner with bj the older methods More robust motors 

Banded glisa h ither glass fliligreo glass ami witli fleviblo drive to a hand piece caii\ing the 
tlio inscrti )n ot vn enamel backing m thermo gnn ling wheel are used for broader mil deeper 
meter and other tubing arc all special examples effects Tho artist works on the vertical gl vss 
of casing The enamel backing of tubing is a panel using a stream of m ater to cool the glass 
simple example One method of making it and eany away the debris 
consists m preparing a rod of opal glass and BeteUtng,eg of mirrors, may be earned out by 
inserting a length of it in a vertical recess in a hand on the flat fice of grindstones rotated 

mould The panson of colourless glass is intro about a vertical axis or on abrasive rollers 

duced into the mould so as to come into contact tunung on a horizontal one Most work is now 
with, and pick up the opal rod, after which the done by automatic machine in which the sheet 
pahson is marvered further to complete the is clamped in a frame that can be traversed past 
union A further gathering of colourless glass two rotatmg abrasive wheels at the desired 
to cover tho opal is then made and the whole (adjustable) angle, the first to make the rough 

mass draivn into tubing m the ordmary wai and the second the smooth cut Suitable stones 

h or details of manipulative methods of decor are ‘ Cryatcian SO H vitnfied for the first and 
atmg glassware at tho furnace tho reader Aluntlum 220 K vitnfied for tho second 
should consult R Hohlbaum, ‘ Zeitgemassc process though sometimes only one medium 
Herstellung Bearbeitung, und Verzierung des stone is used Felt and rouge give the final 
feinercn Hohlglasea,” Wien und Leipzig, Holder polish For rounding the edges of automobile 
1910, Apsloy PeUatt ‘Curiosities of Gloss screens Ahindum 160 N vitnfied bond wheels 
making,” Loudon, D Bogus, 1849, contains a are usdd 

good account, but is unfortunately long out of tiUtUng or CulUntj off of sections of tube is 
print done with very thm wheels with a flexible, e g 

Decorative Processes Applied after rubber bonded, wheel composed of 120 R Cry 
Fabrication — Cu/hnj — The design is outlined stoion These are used with water at a com 
in waterproof chalk or paint and is then roughed paratively low speed 

out with coarse abrasive This nos once done Etching is accoinphsheU by hydrofluoric acid 
on an iron wheel revolving on a horizontal axis of vanousstrengths and with other agents added 
fed with sand and water, but most work is now or by fluorides in the presence of other acids 
done on synthetic abrasive stones, eg ear For matt effects silicofiuondea ore nercssan, 
hoTundum' of No 80 or 120 gnt (see Fig 21) forming protecting crystals over part of the 
The smoothing cut is then made, and here the glass so that niatenal » removed to different 
Craigleitli stone onco emplo>ed has given place depths to give the irregular light scattering 
to a fine grade of " or similar abrasive effect (L llonigznann Ghstech Ber 1932, K) 

of about 150-180 grit Tho speed of rotation 164) Li»d glasses etch most easily, hme glasses 
vanes with the type of work aod size of stone are more resistant, and borosihcate glasses of the 
In the older installations surface speeds of from chemical ware and pyrex types are very difficult, 
GOO to 1,700 ft per mmute are used The if not impossible, to etch satisfactorily Of the 
pohshing which wasonce done on wooden wheels acid fluorides commonly used for the purpose 
with pumice powder followed by tin oxide that of ammonium gives the coarsest and potas 
( putty ) IS nowadays earned out in a bath sium the finest etch structure so that acid 
composed, for full lead crystal gloss ofapproii solutions of potassium fluoride aro commonly 
inatelv 2 parts by weight strong LjdroliuoriC employed for giving a satin matt finish to 
acid, 2 pirts strong sulphuric acid and I part cosmetic and pharmaceutical bottles eg KF 10, 
water, worked at 40®C Tho acid polishing of HCI 1, water 100 used at about 60®C , whilst 
glasses of other t^pcs is not so easy and calls for etching pastes for badguig glassware common!} 
different bath compositions comprise a saturated solution of (NH 4 )HFj in 

Intaglio WorL is similar to tho above in that HjSOj with loading matenaf to give the re 
abrasive stones are used, but finer and smaller quired oonsistcnc} Blanc fixe is much used 
stones aro employed the work is held below together with gum glycerin zinc chloride 
instead of above tho spindle, and the design eo^um silicate or flour paste for this purpose 
may be left matt or may be pohshed os best The utemal frosting of electric lamp bulbs is an 
accords with the decoration appLed example of control makmg possible reproduction 

F ngranng again is similar but still more deh of conditions Hero the etching solutions aro 
cate A very light spindlo is used with a taper two, a quick rough etch followed by a fortifying 
bore chock to take an} one of numerous spindles onef&I Pipkin Ind Eng Chem 1926,18 774, 
provided at the opposite end with a copperdisc BP 228907 4225 264316, 23626) which 

The range of size of di^c is from 2 to 3 in down rounds off the sharp crevices left by the first 
to pm head dLsmeter and from about } in to and so restores much of the strength of the bulb 
m m thickness These are charged with a The quick etch is pumped m the form of a slurry 
mixture of abrasiTC and oil and are used with (composition 42 (NH|)HFj 20 Ba804 3 6 
rare skill to produce designs on the ware much NaHS 04 27 5 HF, 7 dextnn, +WBter qs 
as tn artist would draw on paper to give 18-25% HF in the mixture) up s number 
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of nozzle^ over vrliicii a tray or frame full of 
bulbs is inverted. Aft^r spraying for a fcvr 
seconds the flovr ic and the name is 

lifted 05" and moved do-.vn to a further set of 
nozzles vhere the bulbs nre spraved tvith a 
dflnted mixture tontaming only about 7-5% HF. 
In some processes a brief vater snrav used to 
produce this by dilating the * first mixture 
rema inin g on the vails. The next set of nozzles 
^ray vith rinsing vater and then the bnlbs are 
dried by jets of vafm air. 

For line etching, dilnte acid. e.o. HF 1, vater 
4^10, vith or vithout HjSO^ 1, is used at a 
temperature not above 3''t^ 

The decorative capabihties of etchins are in- 
creased by the application of resists to the glass 
to protc^cr those portions erhiob are to be left 
unacted upon. The-o may be of beesvax and 
tallov. vith or vithoiit parafiin vax as used for 
needlo etching, a proces- employinga mechanical 


device to movea needle or needles to cut patterns 
m the vsx through vhich the etchins fluid can 
act. Or the resist may consist of (u)''Esphalt .5. 
resin 2. faHov 1. Venire turpentine 2. turpentine 
12 .- 0) a^phrdt 5. resin 3. beesvax 1-5. Venice 
turpentine 1, tarpenfine S. and be used to form 
transfers vhich are applied to the glass on suit- 
able paper so that the etching paste painted over 
vith a hair mop may form a badze or desisn. 
iMe vax resists lend themselves to mass produc- 
tion coating by immersion, vhflst the second 
type are best for transfer vorh. Tinfoil is used 
as a resist in marking some graduated apparatus, 
the design being cut” iV. sifa vith a sharp knife. 

/cr Flower Paiieirrs are produced by applying 
strong bone glue to a sandblasted surface 'and 
drying under controlled conditions. When dry 
the sheet o! gla^s is placed m a varm room or 
hot nipbciard. f nd the contraction of the gine 
fiakco off pieces of glass. The size of these 



Fig. 


depends on the tbickaess and strength of the { tbroanb the holes provided for introducing 
cine roatinc and the. drying conditions. The [the vork. The sandblast is pedal controlled, 
fracmenfs majv be collected, remelted uith a . and issues &om a nozzle in the bottom of 
little preservative, and after straining free &om , 
class splinters used again (CaiDetet. Comp. rend, i 


1902. 13A. 400). 

Alternatively a quicker and less durable 
method which does not destroy the glass surface 


bv the operator. Used sand coHects in the bot- 
tom of this chamber (Fig. 47} and drains back to 
the base vhenr-e it is used over again if com- 


is to coar vrith a varnish of gum sandarae IS. f pressed air is employenJ. In this case all vater 
gum mastic 4, in the mixed solvent benzene 40, t must be filtered out of the air supply line to pre- 
ether 200. applied to a perfectly clean surface. • vent cakingof the sand. Continuous apparatus 
Another method is the appIicaSoa of so-called | for sandblasting 3ieet glass exists in_ vhich the 
v a-cptcg cj irdrig s cFTtulfy^ csfer besc. | .cticpfs pass over a table across vhich runs a 
,S’'ird5^ui'‘!Vy. first applied in 1870 by B. Tiigh- 1 channel containing the sandblast jets, 
man in America, is carried out by directing j glass itself forms the seal to this _by resting 
azainstfheglassa jet of grains of sand entrained [ on resiHenc zsateiisl lining either edge. _ Other 
bv 3 compressed air or steam-blast, the former 1 vork too large for treating in a cabinet is 
more nsuaL Jt may be applied in an ! handled in a dust-tight room in vhich the 


enclosed csl 
to prevent 


.C LLiUiai- .-IL it-* 

abinet provided vith strong draught j operator moves, in special clothing vrith a h^d 
t silica dust -reaching the operator [ piece like a diver's helmet, and carries a flexible 
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hose with % alve controlled jet to apply the Baud 
blast Apart from its use m obscuring large 
sheets of glass the main application is in 
decoration or badging bj means of stencils made 
of metal rubber or thin paper coated with 
strong glue containing some non drjing agent to 
preserve a rubberj consistency The last of 
these IS applied to the glass and the design cut 
through so that it is only used once wh 1st the 
first two types are suited to repetition work 
Much use in recent years had been made of the 
sandblast producing sculptured effects on 
architectural panels The glass is protected by 
stencils and sandblasted, once Parts are then 
covered over and further sandblasting is done 


on tl c remamder to give a deeper relief and the 
process repeated to produce the desired effect 
Treatment of sandblasted surfaces with etching 
mixtures produces a matt effect which cannot 
eastiv be obtained by either treatment alone 

Edge MeUng an I Cracking Off Machines — 
The production of tumblers and lamp bulbs by 
press and blow machines (e g ’\Iiller) or paste 
mould machine \e g Vi estlake or Coming) and 
of illuminating bowls and many other article^ 
necessitates the removal of part of the blank 
called the cap ne\t the blowhead and some 
times also of the opposite end (e g open ended 
cylmders) 

Cracking Off eons sts in making a scratch with 
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a diamond or similar tool by moving the blank 
on a flat table against the tool held at the cor 
rect height and then transferring the work to a 
rotating table where a number of pm pomt 
flames {Bomkessel burner) are broi ght to afocus 
on tl e glass surface at the height of the scratch 
(Itg 4S} \ fc« seconds is enough to cause the 

crack to spread complefeU round effecting a 
clean cut off The surface is then ground true 
aa already mentioned and is subseq lently fire- 
pobshetl {vide infra) Both thick and tbm 
walled articles can be so treated b it cl cap mass 
produced thm walled articles are generally now 
made from 1 lanks by the process neat described 
iff hng Off IS done la holing the articles 


more specifically tumbler or lamp bulb blanks 
in a suction cup or other holder u hich is rotated 
whilst sharp aery hot flames (oxygen is some 
I times used to supplement the air supply) play 
I from nng burners surrounding the glass at the 
I melting off 1 ne By balancing the pressure of 
' theffameaad thespeed of rotation itis possible 
to melt off the cap which falls to waste down a 
, chute leaving a beaded edge on the article which 
is neither turned inwards nor outwards and is 
not of an objectionable size 
f”i« Polishing IS appl cd to the edges of 
articles that have been smoothcil 1 y grin 1 ng 
eg tumblers Tig 40 shows a Knight fre 
iini<hing machine in which the ware is stoo*! on 
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rotating tables on a travelling belt vlnch takes 
them do-vm a narrow tunnel heated at the top 
by flames which increase in intensit3’ down the 
tunnel to give a gradual heating which prevents 
shattering when the hot polishing flame is 
apph'ed locally at the edges of the ware. Asbestos 
discs are often dropped inside to shield the 
bottoms of thick ware. 

The process is also applied to pressed glass- 
ware to remove the marks left’bj^ the moulds 
on the glass surface. This is effected by holding 
the glass on a puntj' in a small hot gas- or oil- 
fired furnace called a “glory hole,” the aim 
being to produce an intense heat to glaze the 
surface without causing deformation of the main 
body of glass. 

DEPOsmo^- OF Rbixecten'g Films on 
Glass. 

(1) Silvering. — Drayton in 1843 introduced 
silvering to replace tin amalgam for mirrors, and 
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Liebig in 1867 made the proce.'ss a commercial 
success. The two classical processes are the 
Rochelle Salt and the Brashear. 

The Rochelle Salt Process (“ Hot Process ”). — 
Solutions required are (a) reducing solution: 
AgNOj 2 g., Rochelle Salt 1-7 g., water 1,000 
ml.; (6) silver solution: A. AgNOj 10 g., 
water 100 ml.; B. AgNOg 3 g., water 30 ml. 
To solution A add concentrated NH^OH until 
the precipitate first formed is dissolved, after 
which solution B is added drop bj' drop with 
shaking until a slight permanent darkening of 
the solution indicates the formation of silver 
oxide. Dilute to 1,000 ml. and filter. In use 
mix equal volumes of reducing and silver solu- 
tions and immerse the chemically clean glass 
surface at 20-30°C. The quantities .specified 
will coat 400 sq. cm. thicklj’. 

The Brashear Process (“ Cold Process ”) gives a 
brighter reflecting surface and is much used for 
instrument work. Solutions required are : (a) re- 
ducing solution, cane sugar 90 g., nitric acid 
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(sp.gr. 1-42) 4 ml., water 1,000 ml., boiled 5 
minutes and allowed to cool ; (6) A. silver solu- 
tion, AgNOg 20 g., KOH (pure stick) 10 g., 
water 400 ml.; B. AgNOj 2 g., water 30 ml. 
The precipitate produced by the KOH in solu- 
tion A is dissolved by addition of ammonia as 
in the Rochelle salt process, and solution B is 
used as there described. For use take 1 vol. 
reducer to 4 of silver solution. The silver solu- 
tion specified above m'U cover 800 sq. cm. 

The danger of e.xplosions from silver amide 
formation is minimised bj- storing only dilute 
solutions of silver and by keeping all vessels 
clean so that the formation of dried tip deposits 
is prevented. Serious trouble has resulted from 
failiue to observe the=e precautions. However 
deposited, silver films arc tisuall.v strengthened 
and protected bt' elcctrolj-tic deporition of 
copper from a batli of loty acidity. After wash- 
ing and drving the film is backed by .a shellac 
v.nriuMi free from impurities liable to damage the 
film (c.p. acid, sulphur, chloride) and .an asphalt 
lacquer is frequentl3' applied over this. For 


I some purposes lead is electro-deposited on the 
i copper to build up a massive protecting film, 
j Cheap lacquers invariabh’ lead to brcakdomi of 
the silver film. 

(2) Copper Films mat' be deposited on glass 
by the method of F. D. Cliattaway (Proc. Rot'. 
Soc. 1907, A, 80, 88). The eoating bath is made 
up as follows : 9 g. of hydrazine sulphate is dis- 
solved in 150 c.c. of distilled w.ater and hc.atcd 
at 60°, and to this is added, with constant stir- 
ring, 90 c.c. of a saturated .solution of copper 
ht'droxide and ammonia at 10’"'. the resulting 
luixlurc being a clear 3'ellow colour. Tlie glass 
is then sponged over with the nuxture, this b^'inc 
a most ncrossar3' stop in the process. To the 
solution is then immcdiatch' added slotOy and 
with constant stirring 87-5 c.c. of a solution at 
60’ of ll-I g. of pure caustic pot,a«h in 100 c.c. 
of water. The solution .should '-tili !>c of a 
vcllow colour vithoul 003' prcripil.afiou t.il-inc 
place. The mixture is then poiirfd into the 
coitin" v.at (of copper), standing in a hot 
u.atcr bath .at 43’ and the glas- m a float at 
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once ininiersed and the float penodically 
rotated The temperature of the batli is then 
very gradually raised to 67° over a period of 
about 20 minutes, for the first ]5 of uhich tie 
bath turns a dark green colour before finally 
acquiring a pink shade After a further 6 
minutes the film la thickened by the adcbtion ofa 
raivture of 50 c c of the copper hydroxide 
ammonia solution at 1C° with 10 cc of the 
potash at 60°, the temperature of the bath 
being lowereil to 43° before the addition The 
float 18 removed while adding this and stunng 
the mixture and is quickly replaced and the 
same heating schedule followed Further rein 
forcements of the coat can be obtained by 
repetitions of the above treatments and by 
electroplating from a bath made by boiling 1 part 
of potassium bitartrate with 10 parts by weight 
of water and adding ns much hydrated copper 
carbonate as will dissolve A safe current 
density is 0 26 amp per sq dem , heavier cur 
rents tending to cause stripping of the film The 
ordinary acid or cyanide plating baths are useless 

(3) Dark Coloured Alirrora — Lead sulphide 
films may he prepared (0 Hauser and E 
Biesalski, Chem Ztg , 1910 34 1079) as follows 
The glass plate is supported m a developing, 
dish on four blocks of paraffin wax at the 
corners, and a solution of 1 gin thiourea in 
60-75 ml water is poured over followe<l by 
60-70 mi of dilute lead aictate solution and 
26 ml of dilute caustic potash or ammonia 
solution, with continuous rocking to mix the 
solution The white lead hydroxide darkens to 
sulphide and in about half an hour the metallic 
sulphide film forms first on the lower and then 
on the upper surface of the plate, that on the 
lower surface being the best 

(4) Sputtered Films of platinum group 
metals, or of gold, silver, copper and lead may 
be produced by discharge from a cathode of the 
metal m hydrogen at such a pressure that the 
"dark space’ jujt reaches the support on 
which the mirror is to be produced 

(5) Evaporated Films — By Tolatilning 
metals in a tungsten or other suitable elec 
trically heated spiral in facKo(0 001 mm Hgand 
lower), films of very satisfactory reflecting eba 
acteristics have been built up Aluminium in 
particular has proved promising though tho 
producers of precious metal urge the claims of 
rhodium {M Auwfirter, J Appt Physics 1939, 
10 705) 

(6) Heavier Metallic Filmsare producedon 
glass by spray ing, e p w itli the Schoop gun, 
molten aluminium through a stencil on to n hot 
glass surface This is applied to tougbeiuxl 
glass articles to produce heating grilles on glass 
B Long (J Soc Glass Tech 1937 21. 428) 
desenbos a panel of “ Seciiril ’ glass 50x40 cm 
with a Greek fret of 30 strips, 4'>x] cm <on 
"ummg approximately 500 watts to gno a siir 
face glass temperature of 130°C Ixiwcr ratings 
arc apphed to glass blocks for flooring » few 
watts per square decimeter Iwmg suflicicnt to 
give a temperature of 30— 10°C on the non 
metallised glass surface The adhesion of 
sprsved aluminnim to glass is very marked a 
force of more than 150 kg being needed to 
separate test pieces of glass 4xJxJ cm joine«l , 


end to end by a circular soldered region 1 sq cm 
in area This metal is lai^ely u«cd to jom 
together the two halves of which hollow glas« 
building blocks are composed (see p 695a) 

(7) Iridescent Glass, which in antique 

specimens is produced by surface decav , is 
obtained artificially by the action of metallic 
vapours After being made at the furnace and 
while still red hot, therefore, the article is 
rotated rapidlv nside an iron box or oven in 
which suitable metallic salts arc volatihsed 
Vanoua mixtures of salts ero employed, such as 
(1) stannous chloride 90 parts, strontium nitrate 
6 liariuni chloride 5 (2) stannous chloride 90 

parts barium chloride 2, bismuth nitrate 5 
riie bright iridescent coating may he made matt 
bv reheating several times in the mouth of the 
furnace The indescence may bo greatly varied 
as in Tiflany glass, by treating colourcil glasses 
or those with patterns Brilliant metallic effects 
may be obtained by adding a silver or a bismuth 
salt to the glass batch and reheating the object, 
liefore iridismg, in a reducing flame whereby a 
metallic surface deposit is produced 

Alternatively a spray of FeClj 2 5 g , 
SnCL350 g, SrfNOsljieOg, HCI 6 000 ml 
IS made up on the sand bath, filtered through 
linen after standing, and is used m a simple 
typo of spray with air at 15 lb per sq in to 
coat tlio hot glassware in n small chamber 
ventilated to remove the poisonous metallic 
vapours (T Siroky Sprethsaal, 1928 61, 1004) 
If no gold tone is needed the iron salt is omitted 

(8) Lustres of metals, in particular of the 
platinum group and gold, are made by dissolving 
tho metallic salt in so called sulphur baNam 
prepared from sulphur Venice turpentine and 
turpentine oil with or without rosm (colophony) 
In the case of bismuth salts, however, no sulphiit 
IS permis«ible or black tones are produeerl 
Tlic metallic resmates obtained aro made 
up in essential oils e jj sassafras, lavender, 
rosemary, fennel etc and aro applied mixed 
with asphalt solution by spraying or painting 
One recipe for a 6% solution of liquid platinum 
specifies 500 g Pt containing resin 250 rose 
raary oil 160 fennel oil, mix and add 14 g 
rhodium solution, 6 g chromium solution 70 g 
bismuth solution and 10 g colophony Thin 
with asphalt and colophony solution in ratio 1 2 
if a 4% Pt solution is needed (I Chcranitiii-' 
tbid 1927 60, 182 226, 313) 

Staining is earned out bv using either silver 
or copper compounds B W MUller is said to 
have been the first to u»e AgCl for silver stain 
uig The AgCI or Ag^O mixed with 6 times its 
weight of ochre is ground with turpentine (some 
times dammar is also added) and is painted on 
the glass which is then fired in a muftlo furnace 
to Hie removal of the residual 

oelirc mixture leaves a y cllow stain on the glass 
Prcstiice of oxides of iron and arsenic or anti 
mom are aaid to favour col nir development a« 
docs a smoky (tcdiiimg) atmosphere Copper 
staining wia developed bv F Lgcrmann in 
Haida m 1832 (L Springer, “ Die Glasmalcrci 
u Aetzerei,’ p 79, 1923) Four parts CuO 
and three of ochre are ground together with 
vehicle and painted on tho glass winch in the 
ca«e of B glass of compoiition SIOj 72 FcjO, 
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silica and in some bases bone oTide, it must be 
borne in mind that the use of such basic oxides 
IS primanly to permit fusion to take place at 
the temperatures at present commercially attain 
able Silica m itself possesses so many valuable 
properties that if it could be fused readily it 
■would displace many types of glass The high 
temperature of fusion restricts the scale on -which 
melting can be earned out, but already, sihea 
ware has become a recognised article of com 
merce, being worked into tubing, rod, beakers, 
flasks, crucibles and other types of scientific 
apparatus, quartz threads for galvanometnc 
mirror suspensions, nitric acid stills, sulphnnc 
acid condensation plant and chimneys for m 
candescent lamps 

Tuo types of fused silica ware are on the 
market, the transparent, made from quartz, 
and the opaque or translucent, produced from 
sand or crushed quartz The transparait form 
is worked in the oxy hydrogen flame, and the 
size of the article capable of being made is 
restricted to small crucibles and dishes, and the 
smaller sizes of flasks, beakers and similar 
articles The non iraniparent sihea can now be 
worked in masses up to 200 lb , and tubes 4 in 
or more m diameter form a stock article 
starting point for tubes is a hollow core "of 
plastic silica produced by fusing a miss of 
white sand round a central core electrically 
heated the core being remo\ed when the 
cylinder has been formed and drawn into tubing 
m the ordinaiy wa^ In the plastic condition 
such a eihca cylinder can be drawn into lengths 
of flO or 100 ft The rough outer surface of the 
tube may be ground down or it may be glazed 
either electrically or by an oxy hydrogen fiarae 

For articles other than tubing, the cylinder 
IS closed at one end and blown in a mould 
by compressed air 

The temperature required for fusing and 
working the sand is 1 800-2,000*0 As only a 
plastic and not a completely fused condition is 
reached, the fine air bubbles nro not removed, 
and reflection from them gives nse to the silky, 
lustrous appearance characteristic of this type 
of fused silica (iSee F Bottomley, J 6 C I 
1917, 36, 577 ) 

In a process patented by H P Hood, H E 
Nordberg and Coming Glass Works (BP 
44252C, 8 8 34) articles mad^ from the glass 
SiOj 75, Na^O 5 GjOj 25, are maintained at 
525-650*0 for periods of from a few hours to a 
few ^ays until the glass separates into a silica 
nch phase and one containing practically all 
the alkali and bone oxide Immersion in a bath 
of acid remo\e«i the latter, leaving a skeleton of 
substantnllj pure siJici which after washing in 
running water is heated to give a high silica 
glass There is a very large ehnnkage in this 
list operation 

Quartz glass has an extremely small coefficient 
of linear thermal expansion, namely, 6 2 x 10“*, 
and articles made from it can be heated to red 
ne«8 and quenched in cold water without fracture 
Hence its xalue for heat resisting glassware 
UnfortunatcU, fused silica ware cannot be 
maintained for nnv considerable period at tem 
peralures higher than 1,000*0 owing to its 
teudenej to Tevert. to the tTyslalhne form stable 


at such temperature, namely, tridymite, when 
the article is liable to break down 

Fused sihea is practically unacted on by water, 
and till acids except hydrofluoric acid, and phos 
phone acid above 400*0 It is, accordingly, of 
very great value in precise chemical analysis 
where water, neutral salt solutions and acids 
are alone concerned Further, as a consequence 
of its resistance to solubility by water, and its 
non hygroscopic character, fused silica is a very 
good electrical insulator As an acid material 
Itself, it IS naturally attacked by the alkalis, 
and the nse of sibca crucibles is therefore much 
restricted since they caimot be used for fusion of 
metallic oxides 

Transparent quartz is transparent to ultra 
violet light and on this account finds special use 
in the form of plates, lenses, and wedges or 
prisms in optical apparatus, and in mercury 
vapour lamps The refractive index for the 
D Lne is 1 45847, and the dispersion constant 
y 67 92 (Gifi'ord and Shenstone, Proe Roy Soc. 
1904, 73, 201) 

M P. 

WEST 

GLASS OF ANTIMONY (v Vol 1, 4476) 

GLASS OR GOLD FLUX {v Vol I, 
559i) 

GLASS, OPTICAL The primary require 
ment of optical glass is that it shall be homo 
geneous and isotropic 

In the manufacture of ordinary commercial 
glass the raw matenals, sand limestone, etc , 
are mixed thoroughly together before they are 
melted but no mixing other than that produced 
by convection currents and di^usion is attempted 
during founding As a result, minor variations 
of refractive index due to small variations of 
composition are unavoidable so that an object 
seen through a plane parallel sided piece of 
ordinary glass might be expected to appear 
more or less distorted In general, however, 
the methods of manufacture cause the diifercnt 
portions of the glass to bo spread in layers 
which lie substantially parallel to the surface, 
and when the glass is looked through normally 
this distribution largely or entirely masks the 
effects of variation of refractive index Unless 
the glass is accurately plane parallel also the 
distortion produced by variations of thickness 
18 of such comparatively large magnitude that 
effects due to variations of refractive index 
pass unnoticed 

How large those effects could be is easily scon, 
hovvever, by looking edgewise through a narrow 
stnp of plate glass which, when looked through 
in the ordinary way, produces no distortion 
Uhen viewed edgewise the glass can bo seen 
to consist of an enormous number of layers, all 
diffenng slightly in refractive index, and nothing 
can bo seen clearly through it if the stnp is 
more than 1 or 2 in 'wide 

The uses to which optical glass is put require 
that perfect image formation shall be possible 
irrespective of the direction along which light 
passes through the glass For Min lenses a 
stnated or stratifictl glass, such as plate glass, 
may not be entirely unsatisfactory if the imago 
forming rajs pass substantially normal to the 
Mirfice and thTongh only email areas, as in 
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^i«c--ac.s lenses, ic-r Tnde.apertTtre and ^d<--^ 
sng^a lenses coherer, the glass used must he of! 
nniionn reo^ctire mdex thronghoxit rf perfect 


screens used m conjxmctiorx vdth. tride-aperture 
p^otograpiHc lenses. 

At one tie needs of the optical-glass in- 


diSemnt ti- ui-mT-rd ^curomatic lenses of compararivelv imali 

oueatlr. mar to xdiicb kni^desizn 

directions t&on^r developed, and such lenses can be made Sp 

class. ~ almost any t^o glasses wiucii difi-er sufii- 

To obtain the nece-sarr hish deaxee of homo- need for special 

isve.-.! h,m m th,Sr«Sl/ mriTtVfli •“E'"!'* «f • toD-idmUe 

.. T - T - 1 , » - ‘ ntunfae. ol glasses contammc previoudv nnused 

ingredients: such as barium^ox^de aid boric 

ti:» orininel borates, and also contaminc the 

d^tnbuted uniform^ more nsual insredients snch as lead osid^^ ih 
material 1 nnnsualiv larue proportions. W Temon Har 
^s^ting is distri- court and Joim^Hopkinson had also ^oSed 
..d gryen ev-erx_ possible opportunity of on similar lines, the latter in association 

Brothers, between IS72 and 1877. 

hotrever. aroused little out- 

r.T 6-7* J^Z 1 ? o^ary glass ; side interest, and in the absence of anv demand, 

Tt': i these special daises had not been manufactured 

m As po. rs.e u-iucn trill cause the glass to m any quantitv. The commercial develop- 


- - - - . ..udard p'fetes or into rough, prisi-^ c^xu. i=_!s 
fttms, after rr-nich. they are annealed under con- 
ations rrhicii minimise temperature gradients 
in the glass during Snsl coolinv. 

The stirring and the practice of allotrins the 
glass to cool'undisturhed in the pot are the^only 
essential features dlstmgtdshins optical glass 
manufacture &om the methods of manufacture 
used in msiang commercial glasses. It is true 
that, for most purposes, optical glasses should be 
colourless and hmhly tran.=pare^t. and that their 
optical properties are required to lie -within close 
limifs of some spsdSsd value. These objects 
are achieved by using ingredients in rrhich im- 


— - — — rr 4 XJJ.- . uiaij^uicu uroauJv lUIO 

purines are not present in suScient amount to i cro-ims and flints according to the value' of the 


produc-e colour or to cause signiflc-ant changes of 
reSacrive index. The term “ Optical Glass " 
must, however, he accepted as induding glnss, 
whether coloured or not. -which is rendered homo- 
geneous by stirring, as. for example, special 
neutrsi or coloured glasses such as are in 
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mc-rcially a number of glasses haidns the par- 
ticular properties which Abbe found''wouId be 
of ^assistance in the production of microscope 
objectives of high numerical aperture. 

The number of types of optical glass eventuall v 
mtroduced was of the order of 7.5-101, thoush 
several of these were unsuitable on grounds of 
insuineieat durability, and have since gone out 
of use. It has also been shown, that, with im- 
proved methods of lens computation, a propor- 
tion of the remaining types could also be dis- 
pensed -with, if necessary. 

OpticA glasses are classified broadly into 

rvTmC rJTTf? fifrirtr *3 r.nr\Tt^rr-n-9 ^i-v --Ti a 


reciprocal of their dispersive powers for the 
range of spectrum between the C and F lines. 


neutrai or coiourea glasses sucn as are in- 
corporated in certain types of optical apparatus This quantity is usually referred to as the r- 
or as the high-quality ‘‘haze-cutting’’ colour vAue, but is commonly printed as the T-value. 
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The (li«tiiictioii bctwciii cro\\n-« nml Hints » ao « associated with a low i- \aluc liiglasses con 
irhitrarj one, ghs^es hiMiig i Mines of 55 and taining a notable proportion of birmtn, however, 
upwards being elassetl as crown*, while a gla^ high Tcfmetiae indices ate associated with 
with a » \Hlm lower tint! 55 IS ch'sedosaflint relatncU low dispersne powers, a property 
In plain sod i-luuo and leid gH*M3 the dis whieli renders the barium gli^^cs of pirticuhr 
peri.i\ci>owcrincrca*csinjrfiirU regulirmnnncr importinte to the optical designer 
with the mean rcfnitnc index (or thcrcfractno Sonic idei of the range of compositions U'cd 
index for the Dimes), I e a hiirli rcfracfncindcv jn optical gliss iinmifictiiro can be obtiined 


— V value *- 
"f-"C 



— log V 


from the table, which gives npproxtmile values bo convenient to deal a1»o with the non brittle 
of the principal oside contents of glv«ses belong and flexible transparent plastics now av ailable 
ing to the mvin tvpo groups The full range of which oin be used in place of glass 
optical properties is indicated in tb© figure by Reinforced Glass (Wired Glass) — ^Sired 
the initial letters of the glasses For the glass is the only truly “ reinforced ’’glass It is 
majoritv of the glasses the points representing simp!^ a sandwich made b^ feeding a strip of 
the optical properties he rea«onablr clo«e to a hexagon mesh or square mesh wire netting 
smooth curve, but for glasses contamiitg Inriiim between two lavers of glass as the glass passes 
the correspondmg points he above this curve through the rolling machine, the whole being 
bv amounts which increase as the proportion of finally rolled eo as to weld the tw o 1 vyers of glass 
barmoi.m the glass increasca together with the wire between them 

H M The advantage of wired glass over ordinary 
GLASS, REINFORCED, TOUGH glass is not that it offers any gnater resistance 
ENED AND SAFETY Brittleness has to cracKing under flexure or impact but that 
militated against the \i>c of glass iti many apph when it w erxeked or even shattercil the paces 
cations for winch otherwise, it would be the arestrougl' held together by thecinl>cddtxl wire 
ideal material Tins disadvantage must be The n«k* of damage due to filling gh«s or to 
aceepti'il however, along with anv associated flying eplmters are thus very greath rwluccil 
risks, in eircumalances where tran«Iucencv or bv the iise of wired gh«s m pliee of ordinarv 
trans|xarencv combmeil with sirecmng against gla** jwrticularlv m roof glaring or under eon 
weather or other disturKanee arc essential alld ditions in winch there is risk of the glass being 
the object of any reinforcement toughening pro exposed to severe Hows or to blast waves from 
cess or lamination is to reilnre these risks to a explosions 

ininiiiium Toughened Glass — I’uptun of i,Iass, as of 

In consi Icnng the ^tassev sjwsiallv uiuk. ut «U (ttlier luaterials, occurs only when some part 
s 1 >ccihIIv treateil to iintnnnse these risks it will i« jnit into isccssive tension Gla»s is much 
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constitution of this new ester and that of the ' 
non fermentable reducing sugar ohtamed from 
it by the action of bone phosphatase have 
not jet been ascertained, but the sugar is 
probably a misture of a mannoLetoheptose with 
other sugars of a similar type (Robison, Mac 
farlane and Tazelaar, Nature, 1938, 142, 114) 

A similar mixture of mono esters obtamed 
from muscle (Embden and Zimmermann, Z 
physiol Chem 1927, 167, 114) is known as the 
Embden ester The phosphoric ester produced 
by the action of autoljsed and dialjs^ muscle 
extract on glycogen (aec p 36) is also of a 
similar character This reaction provides a con 
venient method for preparmg the mixed ester 
The formation of these mixtures is probably 
due to the presence of an enzyme (phospho 
hexomutase) which rapidly converts glucose , 
mannose or fructose monophosphoiic ester, 
probably by way of an enolic form common to 
all of them, into an equihbrium mixture of the 
three, containing about 70% aldose ester and 
30% ketose ester (Lohmann Biochem Z 1933, 
262, 132, Robison, Biochem J 1932, 26, 
2191) This mixture, originaUy termed the 
^o&iAon ester, is so termed through this article, 
but Jleyerhof suggests that it should be known 
as the equilibrium ester, and the name Robison 
ester reserved for glucose 0 phosphate The 
fermentation of bexosemonophosphate is dis 
cussed later («ee p 30) 

TAe A euberg Ester —An ester which is prob 
ably identical with the ketose ester described 
shore was obtained by Neuherg (Biochem Z 
1018, 8S, 432) by the partial hydrolysis of 
hexosediphospbone ester by boding for a ebort 
time with oxalic acid It has [a]t>+04” for 
the bariunl salt, +15’ for the free acid It 
reduces Hagedom and Jensen's reagent to the 
B-inie extent as the Robison ester, but only 
reacts to n small extent (5-10% of the hexose) 
with alkaline hypoiodite This may possibly 
be duo to the presence of some aldose ester in 
tbe matenal used for its preparation It is a 
fructosemonophosphonc ester, which is probably 
frvdofuranose G phosphone ester 

A substance which is probably /ruc/opyrano«« 

1 pAojpAonc ester is found among the products 
of the action of bone phosphatase on fmctosedi 
phosphoric ester It is strongly laivorotatorj 
(calc for Ba salt®— 39®, for the free 

ester —02 2°) and is very rapidly bjdrolyscd by 
acid, JLfor N HCl at 100®=»75x 10~* (MacLeod 
and Robison, Biochem J 1933, 27, 286) 

Anotherlaivorotatorj fnictosemonophospbate, 
—24® (Ba salt) is formed durmg the acid 
hydrolysis of hexosediphosphate or fructose 
monophosphate Its formation is probably due 
to the migration of the C phosphoric acid group 
(Macfarlane and Robison, Enzvmolocia, J937, 
♦. 125) 

An aldose I phosphate has been ohtamed by 
Con and Con (Proc Soc Exp Biol Jled 1936. 
34, 702 . Con, Colowiefc and Con, J biol Cbem 
1937, 121, 4C5) by incubating washed minccd 
frog muscle in phosphate buffer {«« aUo 
Kendal and SticUand, Chem andind 1937,56 
936), and can also ho prepared by the action of 
rail It muscle extract on glycogen in presence 
of lodoacetic acid (KiesaUng. Biochem Z 193^ 


421), and bj synthesis from acetobromo 
glucose ((ion, (iolowick and Con, I c } Evidence 
IS accumulatmg that this substance la the first 
product of phosphorylation of glycogen and also 
that it can be enzymically reconverted into 
glycogen and HsP 04 (see Kiesslmg, Naturwiss 
1939, 27, 129, Schaffner, tbtd 1039, 27, 105) 
It has no reducing power (Hagedorn and 
Jensen , hypoiodite) and is very readily 
hydrolysed by acid to glucose and phosphoric 
acid When added to dialysed muscle extract 
it rapidly passes into an equilibrium mixture of 
hexose 6 monophosphates (Embden ester) 

The [o]d for the Ba salt is +76°, for the free 
aad +120* 

Htdbolysis of the Phosphoric Esters of 
Feruentatioh — ^The phosphoric acid groups 
of the hexosephosphoric esters, adenylic acid, 
adenylpyrophosphate, phosphoglycenc acid, 
phosphopjTUvic acid, etc , are removed by 
faydrotyais with acid, according to a unimole 
eular law, at different rates, and this fact has 
been utihscd for analytical purposes as well as 
for the identification of the various compounds 
In practice the hydrolysis is earned out with 
N HCl in a sealed capsule at 100° for a fixed 
time and the amount of loorgame phosphate 
liberated is then estimated {see Lohmann. 
Biochem Z 1928,194,306) Velocity constants 
ofthe hydrolysis of a number of these compounds, 
are given below 

ixlO* 

Hexosediphosphate First group 22 0 

Second „ 4 2 

Hexosemonophosphate (Robison ester) 0 2 

Neuberg ester (fructose 6 phosphate) 4 36 

Glucose 6 phosphate 0 26 

Mannose 6 phosphate 0 20 

Fructofuranose 1 phosphate 7^ 

Phosphoglycenc acid 0 14 

Adenybc acid 2 3 

Adenylpyrophosphate 2o0 

Phosphodihydroxj acetone 33 7 

Phosphoglyceraldehyde 37 5 

Glucose 1 phosphate 200 

Apparent Dissociation Constants of the 
Hexosepiiosphates — The hexoaephosphates 
produced in alcoholic fermentation are stronger 
acids than phosphoric acid and their formation 
IS therefore accompanied by a fall m the 
ofthe solution The dissociation constants are 


Phosphone acid ^ 

1 99 

Hexosemonophosphate 


Neuberg ester * 

0 97 

Embden ester ’ 


Robison ester ’ 

0 94 

Hexosediphosphate 



(6 1) 


Harden and Young ester ^ 1 48 C 29 

Harden and \oung ester, 1st 

groups 

Harden and Young ester, 2nd 
group 1 — (G5) 

Glucose 1 phosphate < 111 6 13 

* Meyerhof sod Saranyl Biochem Z 1928,178 427 
1»°7^4*559'^ ^**'^***^’ “*** 

J Meyerhof and lohmana Natnrwles 1928 14 1277 
Cor(, Colowlck snd Corl J Biol Chem 1937,121, 
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phite Insoluble sulphites (Ca, Zn, Mg) can 
oe used if the mixture is well agitated, and the 
process can also be earned out in family acid 
solution in the presence of acid potassium 
phosphate 

An enhanced production of acetaldehyde 
and glycerol had previously been observed by 
Neuberg and Fftrber (Biochem Z 1917, 78, 
238), both with hving yeast and maceration 
juice in presence of a number of alkalme salts, 
but the acetaldehyde found waa not chemically 
equivalent to the glycerol It has now been 
found, however, that m these circumstances the 
acetaldehyde undergoes a Cannizzaro reaction, 
yielding alcohol and acetic acid, so that the 
fermentation in presence of alkalis proceeds as 
follows: 2C,HitOg 

..2C,H,0,+ 2CO.+2C,H,0 

2C^H^Ovt2CO-i-lrC^H^O-(rC^H*pt 
One molecule of acetic acid is thus produced 
for every two molecules of glycerol The yield 
of glycerol obtained in this way is not so high 
as in the presence of sulphite, amounting la the 
presence of sodium bicarbonate to about 35% 
of the theoretical (Neuberg and Uirach, t6t<i 
1010, 100, 304) Neuberg explained the results 
obtained, on the general lines of the pyruvic 
acid theory, by supposing that the sulphite 
combined with the acetaldehyde and thus pte 
vented its reduction to alcohol, the glycerol 
being formed by the action of the hydrogen thus 
rendered available on the precursor of pyruvic 
acid, which he assumed to be methylglyoxal 
Wo Ostwaid (ibid 1010, 100, 270, see also 
Neuberg, tbiJ 280) has pointed out that the 
enhance production of acetaldehyde would 
nalutally follow on the removal of this substance 
from the sphere of action, the equilibrium being 
m this way constantly disturbed, so that 
this fnct cannot in itself be regarded as a strict 

J rtoof of the theory that pyiuvic acid is an 
ntermediate product in the normal course of 
fermentation In view of the fact that in the 
modified fermentation the acetaldehyde is 
produced at approximately the same rate as 
alcohol in tlio normal fermentation there can 
be little doubt that Ncuberg’s explanation is 
in this particular correct 
Technically the possibility of producing a 
largo proportion of glycerol from sugar by 
fermentation m presence of sulphite has been 
mado Iho basis of a process of manufacture of 
this substance (the I’rotol process), which has 
been worked on such a scale as to produce » 
million kg of glycerol per month m a yield of 
20-25% of the sugar employed (Connstein and 
LQdecke.Ber 1010.62(151 1385) 

An entirely different explanation of the ongii* 
of the glycerol in these fermentations is sQbrded 
by the newer theory of alcoholic fermentatioi* 
(p 30) 

Phosphorylated Intermediate Compound* 
in the Alcoholic Fermentation of Sugar, 
Since 1032 the participation of methylglyoxal 
in alcoholic fermentation has been renden^ 
extremely improliable by the researches of 
I mbden.SIeyerhofand other workers («« (cfoir). 


according to which the sugar is first phos* 
phoiylated and then decomposed, the first 

K " isphorus free compound to be produced 
ng pyruvic acid, the decomposition of which 
then proceeds as supposed by Neuberg An 
important step m this Erection was made when 
Mcy*rhof (Biochem Z 1927, 183, 176) showed 
that when lactic acid was produced from glucose 
by muscle extract containing hezokiruMe (see 
later) the phenomena were closely analogous to 
those which occurred in alcohohe fermentation 
by yeast juice In both cases a thermolabile 
enzyme system and a thermostable co enzyme 
were required and yeast extract could supply the 
co-enzyme necessary for the muscle enzyme, and 
muscle extract that required for the yeast 
enzyme Inorganic phosphate was rapidly 
estenfied, the equation of Harden and Young 
held good and the rate of fermentation fell when 
all the inorganic phosphate had been esterified 
' Trevious to this Embden and 'ins colleagues had 
shown (itid 1016, 03, 1, 124) that hexosedi 
phosphate added to muscle press juice caused 
an increase in the amounts of lactic and phos 
phono acids formed, and later Emhden and 
Zimmermann (Z physiol Chem 1027, 167 
114) isolated from muscle press jmee a hevose 
monophosphonc ester (lactaetdogen, or Embden 
eater) which they regarded as a precursor of 
the lactic acid Since that time the develop 
roeni of out knowledge of alcohobc fermentation 
by yeast and of lactic acid formation by muscle 
has proceeded on parallel lines, the two subjects 
having been mutually helpful The phenomena 
m muscle are only dealt with here m so far as 
they throw light on the subject of alcoholic 
fermentation (For further information see 
Meyerhof, Die chemischen Vorg&nge im 
Muskel,” Berlin, 1D30, and Reviews by Robison, 
Aon Rev Biochem 1036, S, 181, Pamas, 
Ergebn Enzymforsch 1937, 6, 67, Meyerhof, 
Ergebn Physiol 1037, 89, 10) 

As early as 1930 Nilsson observed that when 
yeast was treated with acetaldehyde m presence 
of sodium fiuonde, the aldehyde disappeared 
and at the same time an acid of the composition 
of phosphoglycoric acid was produced (Arkiv 
Kemi, Min , Geol 1030, 10, A, No 7) At 
about the same time Lohmann (Biochem Z 
1030, 222, 324, Lipmann and Lohmann. tbtd 
1930, 222, 389) found that hoxosediphosphate 
W 08 converted (to the extent of 83%) by 
diluted muscle extract into an ester which could 
only bo hydrolysed by ncid with great difficulty 
A similar substance was formed from glycogen 
and starch by muscle or its extract m presence 
of sodium tluonde and also from hexosedi 
phosphate by muscle extract in presence of 
sodium fluonde These compounds were at the 
tune thought to be new forms of hexosedi 
phosphate but were subsequently recognised as 
mixtures of phosphoric esters of glyceric acid 
and glycerol 

The next step was taken by Embden, Denticke 
and Kraa (Kim Woch 1933. 12, 213) who 
ohtamed phosphoglycenc acid from nimce<l 
muscle in presence of cerloin salts (lactate, 
Qxalste and fluonde of sodium) and came to the 
conclusion that Lohmann’s new esters must 
also contsin this compound 
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They further made the fundamentally im- 
portant observation that phosphoglyceric acid 
tvas decomposed by minced muscle into pyruvic 
acid (CHj'CO-COOH) and fiue phosphoric 
acid. From a consideration of these facts they 
came to the conclusion that the hexosedi- 
phosphate nndenrent a primary fission into 
two molecules of phosphotriose (supposed 
bv Embden to be 3-phosphoglvceraldehvde, 
CH,( 0 -P 03 H.)-CH( 0 H)-CH 0 )' and phos- 
pho-dihydroxyacetone, 

CH.(0H)C0-CH,{0-P03H,) 

which then underwent dismufation into a 
mixture of phosphoglyceric acid and phospho- 
glycerol : 

1 moL hexosediphosphate ->-2 mol. phospbo- 
triose -> 1 mol. phosphoglyceric acid 
-bl mol. phosphoglycerol 

CH,(0-P03H.VCH(0H)C00H 

CH.^Q-PQjHjVGH^QHVCHcQK 

They did not identify the phosphoglycerol, but 
showed that, although it was itself scarcely 
afiected by minced muscle, when it was added 
to this along with phosphoglyceric add, prac- 
tically the whole of both compounds was con- 
vert^ into lactic acid and HjPO^. Embden 
assumed that in this reaction the pyruvic add 
originating from the phosphoglyceric add was 
reduced to lactic add whilst the phosphoglycerol 
was at the same time oxidised to phosphotrioes. 

Pyruvic add-b phosphoglycerol -v lactic add 
-b phosphotriose. 

The latter again passed by dismutation into a 
mixture of plTosphoglyceric add and phospho- 
glycerol and so on until the whole was converted 
into lactic acid HjPO^. 

1 mol. hexosediphosphate -^-2 mol. phospho- 
triose 1 mol. phosphoglyceric add^l mol. 
phosphoglvcerol ->2 mol. lactic acid-b2 moL 
H3PO4. • 

The production of phosphoglycerol was 
definitely established almost simultaneously 
with Embden's publication by Meyerhof and 
Kiessling (Biochem. Z. 1933, 2*64, 40) who had 
approached the subject fr-om a different direc- 
tion. It had been found that pyruvic acid could 
be isolated in large amount when the decom- 
position of carbohydrate by muscle extract was 
carried out in presence of sodium sulphite as a 
fixation reagent (Meyerhof and McEachem. 
ibid. 1933, 260, 41T). Search for the com- 
plementary reduced compound showed that it 
was phosphoglycerol. 

After the untimely death of Profi Embden 
(25.vii.1933) the further study of this branch 
of the subject was carried out mainly by 
Meyerhof and his colleagues, whose chirf 
contributions are summarised below without 
any attempt, however, to record them in strictly 
chronological order. 

The mechanisms of the changes involving 
phosphorylation or dephosphorylation and of the 
oxido-reductions which occur are discussed 
later on in connection with the function of the 
CO -enzyme. 


I. The Peoductioh of Phosfhogltcehio 
Acn? Aim Phosphogetceeol feoji Hexqsedi- 
fhoSFHate. — This fundamental change can 
readily be experimentally realised either in 
muscle extract, as mentioned above, or in yeast- 
maceration extract, in the presence of sodium 
fluoride (0-05JLf), the function of which is to 
inhibit the further change of the phospho- 
glycoric acid pieyerhof and Kiessting, ibid. 
1933, 267, 40, 313), and thus to allow the 
products of the reaction to accumulate. Further 
analysis has shown that, as presumed by 
Embden, the reaction takes place in two stages': 

(а) Decomposition of hexosediphosphate into 

two molecules of phosphotriose. 

(б) Dismutation of the phosphotriose into a 

mixture of phosphoglyceric acid and 

phosphoglycerol. 

Hexosediphosphate added either to dialysed 
muscle extract or to dialysed yeast-maceration 
extract is decomposed into two molecules of 
phosphotriose, an equilihrium being very 
rapidly attained (in a few seconds) pieyerhof 
and Kiessling, ibid. 1933, 267, 313 ; Meyerhof 
and Lohmann, ibid. 1934, 271, 89), 

1 jnol. hexosediphosphate ^ 2 mol. phospho- 
triose. 

The phosphotriose was now found to consist 
almost entirely of phosphodihydroxyaeetone, 

CH 3 ( 0 'P 03 H,)-C 0 CH 3 - 0 H 

The nature of the change has been proved, 

(а) by enzymic conversion of both natural and 
synthetic (Kiessling, Ber. 1934, 67 [BJ, 869) 
phosphodihydroxyaeetone into hexosediphos- 
phate (Meyerhof and Lohmann, 1934. I.c.), and 

(б) by the preparation of phoq)hodihydroxy- 
acetone fium hexosediphosphate in presence of 
bisulphite as a fixative at 60°, so that almost 
complete conversion of the hexosediphosphate 
occurs and large quantities of phosphodi- 
hvdroxyacetone can be obtained (Meyerhof and 
Lohmann, Biochem. Z. 1934, 273, 413). 

The enzyme concerned was termed by 
Meverhof zymoTtexaee, but is now known as 
aldolase, (see p. 26) ; no dialysable co-enzyme is 
required for the reaction. 

The decomposition of 1 mol. of hexosedi- 
phosphate into 1 mol. each of phosphoglyceralde- 
hvde and phosphodihydroxyaeetone was postu- 
lated by Embden and his colleagues as an 
intermediate stage in the production of phospho- 
glvceric acid. 

It has been proved experimentally that the 
reaction takes place in this marmer and that 
the preponderance of phosphodihydroxyaeetone 
actuallv observed in the product is due to the 
presence of an enzyme {pTiospJioglyceraldehyde 
miitase) which accornpanies zymohexase and so 
ispidlv converts phosphoglyceraldehyde almost 
completely into phosphodihydroxyaeetone that 
the phosphoglyceraldehyde caimot be isolated 
pieYerhof and Kiessling, Biochem. Z. 1935, 
279* 40). 

Starting with pure phosphoglyceraldehyde 
the chansc is so rapid that it is alm ost complete 
before any hexosediphosphate is produced by 
the zymohexase also present. 
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When hesosediphosphate is decomposed by 1 
zymohexase m the presence of phcnylhydtazino I 
as a fixative, the hydrazones ! 

CH,(p P03 Hj)CH( 0H) CH N NHPh 


From the change of the value with the 
j temperature the heat of reaction can ho calcu 
I Isted from van’t Hoff s equation 


-Q=RT*- 


and 

CH,(0 P05Hj)C N NHPh CH, OH 
are formed so rapidly that the isomerisation of 
the phosphoglycenildehyde is prevented T}>o 
mixed hydrazones can be decomposed by 
benzaldehj de, and the resulting mixture contains 
C0% of each of the two phosphotrioses (Meyer 
hof Bull Soc Chim biol 1938, 20, 1033, 
1045, 1939,21,965) 

The reaction as it occurs m yeast and muscle 
preparations may therefore be formulated as 
follows the reverse change of phosphodi 
hydroxyacetone to phoaphoglyceraldehyde takes 
place during the synthesis of hexoaediphosphate 
from the phosphotnoses 
Hozosediphosphate 

Phoaphodihydrozyacetone 

+ 

Phoaphoglyceraldehyde ^ 

Phospbodihydroxyacetone 

The two phosphotnoses are distingmshable 
rhetnically by their behaviour towards iodine in 
alkahne solution Both the original substances 
arc readily hydrolysed by N alUali at room 
temperature, xielding lactic and phosphonc 
ncid«,And are hjdroljsed b} A HCI at 100'* to 
phosphonc acid and mcthylglyoxal On treat 
ment with iodine the pnosphoglyceraldehjdo 
la oxidised and the product is no longer hjdro 
lysable by alkali in this way, whereas the 
phospbodihydroxyacetone is unaffected by 
iodine 

The enzymic equilibrium between hexosedi 
phosphate and phosphodihjdroxyaceton© has 
been very thoroughly studied by ileyerhof and 
his colleagues (Meyerhof and Lohroann, Biochem 
? 1934,271, 89, Meyerhof, ihid 1935,277,77) 
The equilibrium constant 

j. [Phosphodihydrozy acetone)* 
[Hexosediphosphate] 

\ aries greatly with the temperature, and has (he 
values shown below 

Temp *0 KxlO* 

-7 018 

20 1 5 

40 27 

70 22 

High temperature fa\our8 the conversion into 
the pho»photno«e At 20* the moleeulsr pro 
portions of the compounds are almost ecpial, 
of the phosphorus being present as phospho 
tno«c and 67% as hexo«ediphosphate 
By the use of the value of K for this eqnib 
bniitn, the amount of hexosediphosphate present 
m an enzymic equilibrium mixture can bo cal 
eulaled from the amount of phosphate set free 
b^ alUline hydrolysis In the cold (phmqjiodi 
hvdroxj acetone) (c/ Meyerhof and Kteasbng, 
»6id 1935. 2S3. 89) ^ 


and IS found to be —13,000 g cal m good 
agreement with that actuaUy measured 
(—14,000 g cal ) (Meyerhof and Lohmann, ihid 
1934, 273, 73) 

Meyerhof has further found (Meyerhof, 
Lohmann and Schuster, thtd 1936, 286, 301, 
319) that the action of zymohexase in breaking 
or budding up the carbon chain of hexosedi 
phosphate Is a particular instance of the action 
of an enzyme, termed by him aldolase, which 
specifically catalyses the condensation of 
phospbodihydroxyacetone with aldehydes, e g 

Phosphodihydroxyacetone + acetaldehyde ^ 
methyltetrosephosphate 

Phospbodihydroxyacetone + glyceraldehyde 
^ fructose 1 phosphate 
but has no effect on a mixture of phospho 
glyceraldehyde and dihydroxyacetone, or of 
ddiydroxyacetone and glyceraldehyde, etc 

AJdoiase (zymohexase) occurs very widely in 
amma! tissues and also m yeast, but is most 
concentrated m muscle, about 1/20 of this in 
yeast and still less in animal tissues other than 
muscle (^leycrbof and Lohmann, (hid 1934, 
273, 413) 

(h) Dismutation of Pho$ph0trtose into a 
Mtzturt of PhotphogUjeerol and Phoiphoglyeene 
Actd — ^This change, which is oilb of the funda 
mental reactions of Embden s scheme, can most 
easily be formulated on chemical grounds as 
proceeding by vay of phosphoglyceraldehyde, 
and m view of l^Ieyerhof s work, it seems 
probable that it actually occurs in this way 
2CH,(0 PO,H*) CH{OH) CH0+H,0 
Phosphoglyceraldehyde 
= CH,(0 POjH,) CH{OH) COOH 
rhoaphoglfceric add 

+ CH3{0 P0,H,) CH(OH) CH, OH 
Phosphoglycerol 

The dismutation requires the presence of 
CO zymase It is not affected bv sodium lluoride, 
but IS completely inhibited by 0 006 JLf lodo 
acetic acid {Me>erhof and Kiesalitlg, ihid 1933, 
267, 317) 

The reaction occurs with either hexosedi 
phosphate or phosphotriose in fluonde con 
taming yeast maceration extract, or muscle 
extract When Bathetic dl phosphoglyceralde 
hyde is used only the {+) component, which 
alone is fermentable by yeast (Smythe and 
Genscher, ihirf 1933, 260, 414), undergoes the 
change 

Experimentally stoichiometric equivalence 
IS imt as a rule strictly realised, phosphoglycenc 
acid usually preponderating to a greater or less 
extent over phosphoglycerol 

If acetaldehyde be added to the mixture, the 
aldehyde is r^uced to alcohol and a corre 
spending equivalent of phosphotriose is oxidised 
to phosphogly eenc acid In presence of both 
aJdebyde and glucose (and Inorgamo phosphate) 
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E consdersble amotmt of esterificatioii occttrs 
End the smoimt of phosphoglyceric acid obtained 
may be greatly in excess of the phosphotriose or 
hexGsediphosphate taken (see later). 

IL Dzcoirposmos of Phosfkogltcfbic 
Acid. — I t has been shovn by ileyerhof that tbiJ 
decomposition is accomplished by trav of a 
series of reactions involTing {a) isomerisation of 
phosphoglyceric acid; (5) conversion of 2- 
phosphoglyceric add into 2-phosphopymvic 
acid ; and (c) decomposition of phosphopymvic 
acid. 

(n) IsoTT.eri-satwri of Pfias-pl.cglyeeric Add 
Pleyerhof and Kiessling. th!d.'l93.5^ 276, 239). 

The phosphoglyceric acid formed by the 
dismntation or oxidation of phosphotriose in 
mnscle or yeast extract is a mixrirre of the two 
optically active isomers, 3-phosphogIyceric 
acid [cJjj — 14-5" and 2-phosphosIvceric add. 
Wb -i24-3;. 

The acid barinm salt of the 2-add is more 
readily soluble than that of the 3-add, so that 
they can be separated and isoHted ftom the 
mixed prodnct obtained by the action of finoride- 
containing extract of yeast or mnscle on hexose- 
diphosphate, acetaldehyde and glncose. 

'When the salts of the pare isomers are added 
to dialysed mnscle extract (containing finoride 
to prevent ^e fomtation of phosphopymvic 
acid), an eqtnlibrinm is very rapidly set np, a 
spedSc enzyme, phosphcaly-teTorr.xxiase, befcg 
present in the ext r a ct. 

3-PhosphogIyceric add?=2-Phosphoglyceric add 


Temp. -C. 

K 

S-phespho- 

glvceric 

acid. 

e-^ 

2-piiospho- 

glycenc 

acid. 

20 

4-7 

S2-5 

17-5 

2S 

3-S5 

79-3 

20-7 

60 

2-3 

70 

30 


The equilibrium is very sensitive to tempera- 
ture as shorvn by the change in K as given 
above. 

The same equilibtium is set up -vhen the 
synthetic cT-phosphoglyceric adds (Kiessling. 
Ber. 1935, 6S [BT. 143) are used, but in this 
case the equilibriam is betrveen the naturally 
occurring isomers, the /-isomers being unaSected. 
This ob^rvation has led to a nerv type of bio- 
logical rKoIution of a dZ-mixture pieyerhof and 
Krescling. Biochem. Z. 1935. 276, 239). 

(6) Cor.zerdar. of tt-Pho-s-phof.vzeTic Add into 
Pho-ip\o-{er.d]-p’jnidc Add . — ^\Vhen a phcrspho- 
glycerate is added to dialysed or inactivated 
muscle extract or to dialysed yeast-maceration 
esnract, in addition to the equilibrfum between 
3- and 2-phosphogIyceric acids a second equili- 
brium is set up between 2-phosphoglyceric add 
(oO^o) 2 nd phospho-(enolj-pyrnvic add (TO^o) 
(Lohmann and Jleverhof Biochem. Z. 1934, 
273. 6^>)- 

Pr.c-tpropyrrdc cdd can be separated from the 
phosphoglyceric adds by means of its more 
soluble Ba salt, and it forms a crystalline AgBa 
salt. The synthetic add, prepared by Kiessling 
(Ber. 1935, ^ [Bl, 597) by the action of POCIj 
on pyruvic add dissolved in quinoline, has the 
same properties as the add isoLited from muscle 
extract. 


It is completely hydrolysed to pyruvic and 
phosphoric adds by A'-HCl at 100" in'lO minutes. 
HgCU added to its aqueous solution decom- 
poses it very rapidly into phosphoric and 
pyruvic adds. It takes np 6 atoms of iodine in 
alkaline solution- as does pyruvic add. forming 
iodoform and phosphoric’ add. It probably 
has the constitution 

CH.:C(0-P03H„)COOH 

The eqmlihrium between 2-phosphogIycerio 
add and phosphopymvic acid is complicated by 
the feet that in mnscle and yeast extracts the 
isomeric 3- and 2-phosphogIyceric acids also 
exist in enzymic equilibrium. However, the 
enzyme [er.olase) which catalyses the pfaos- 
phopymvic equilihrium can be obtained by 
adsorption on charcoal almost free fimm the 
phosphoglyceromntase (Akano, Biochem. Z. 
1935, 280, 110), so that starting with phos- 
phopymvic add practically no formation of 3- 
phosphoglycefic add occurs. In these circum- 
stances the equilihrium between 2-phQspho- 
glyceric add and phosphopymvic add is found 
to be almost independent of temperature (in 
contrast to that between the isomeric phospho- 
glyceiic acids). The constant K=2-3 so that 
in eqaCibrinm 70% of phospho p y m vic add and 
30^0 of 2-pho5phogIyceric add are present. 

TThere both enzymes are present, as in dialysed 
mnsde or yeast extract, the final eqnilihrinm 
depends on the temperature. At 25* the 
equilibrium mixture contains 3-phosphogIycerio 
add 55-2^o, 2-pbosphoglycerfc acid 13-S%. 
phog)hopymvic add 31%. 

Starting with 2-phosphoglyceric add there is 
usually a rapid formation of phosphopyruvic 
add, and the amount of this then gradually 
diminishes as the conversion of 2-phospho- 
glyceric acid into the 3-isomeride proceeds. 

The reaction is completely inhibited by sodium 
finoride but not by iodoacetic add. It does not 
require a dialysable co-enzyme. 

(c) Dicorr.pc-dtion of Phorphopvrudc Add . — 
Both phosphoglyceric and phosphopymvic adds 
are readily decomposed by mnsde extract 
yiddiBg pyruvic add and phosphoric add, 

CH.:C(OPO-H.)-COOH-f-H.O 

' '^HjPOi-fCHj-COCOOH 

provided that the co-enzyme system consisting 
of adenylic add and Mg is present, and this 
reaction forms an essential part of the schemes 
of fermentation of Embden and 3reyerhof. The 
fate of the phosphoric acid and the mechanism 
of dephosphorylation are discussed later on. 

In untreated yeast-maceration extract, con- 
taininc: the co-enzyme system, the same change 
occarf. but the pyruvic acid is further decom- 
rosed into acetaldehyde and CO,. This de- 
comcosition of phosphopyrnvic add is not 
aSeded cither by iodoacetic acid or sodium 
finoride. whereas as mentioned above, the con- 
version of pho=phoglyceric into pho=phopyruvic 
acid is completely inhibited by sodium fiaoride. 

TH. P.EDrcnoK or Bi-urvic .Actd i>' Mesex-r. 
Extsjlct .od or .AcrrALnrKVDE rv ynesr 
I^UFAmi.'nors. I. Lactic Add Fc~r'a‘.\c-. i-. 
2Atuc!' Pri'aci . — It was found bvEmiden (1933) 
that the reduction of pyruvic aci i to lactic 
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acjd in rnuselo pulp uae tluo to reaction with' 
phosphoglycerol, a phosphotrioso being probably 
formed intorrocdiotclj 

Abundant confirmation that this reaction can 
occur was supplied by the experiments of Meyer 
hof and Kiessling, who m 1933, following 
Embdcn, summed up the cliangca, commencing 
with phosphoglyceric acid ns follows (ibid 1033, 
264, 40) 

Phosphoglyceric acid ->Pyru7ic acid+H5P04 
Pyruvic acid+Phosphoglycerol 

-*•2 mol Lactic acid+HjPO* 
Loth these changes rcqiiiro the prcacnco of a 
CO ferment system These reactions will be 
further discussed on p 34 
2 Alcohol Formaiion tn least l-xlnct — 
In alcoholic fermentation the changes appear 
to bo identical with those }ust described for 
lactic acid production as far as the production 
of pyruvic acid In 3 cast preparations this is 
decomposed by the carboxylase into aeclaldc 
hyde+CO. 

Tho aldehyde is then reduced by interaction 
with phosphotnoso (Mejerhof and Kiesshng 
tbtd 1933, 267, 313) which is simultaneously 
oxidised to phosphoglyceric acid 
I’hosphotrioso+acctaldchydo+ H,0 

-*■ Phosphoglyceric acid+alcohol 
This reaction is inhibited by lodoacctic acid 
but not by iluoride Its mechanism is discussed 
later (p 32) In tho rapid production of laetio' 
acid from glucoso m muscle extract m presonco 
of phosphate (and bciokmasc), however, nyruvic 
acid reacts with phosphotnoso not pnospho 
filjccrol, lactic acid and phosphoglyccno acid 
teing produced (along with an equivalent amount 
of hexosediphosphate), as in tlio analogous 
change in alcohobo fermentation (p 31) 
Pyruvic acid can also react Mth hoxos^iphos 
phato (by waj of phosphotnoso) in presence of 
N aF, lactic ncid and phosphoglyceric acid being 
form^ 

IV FqUATIO^s OF Alcoholic I ermehta 
’VA'*' U.’J \v.l.n PB.V.VM.iKV4 Y.?. — -TVa 
just discussed can bo expressed in a simple senes | 
of equations which give a quantitative account' 
of tho decomposition oflicxoscdiphospbatealone, 
or in presence of glucose, by j cast preparations 

1 Hexoscdipho8pbatc^2 Phosphotriosc 

2 2rhosphotnose+2 Acctaldehjdo -♦2 Plios 

phoglycenc acid+S Alcohol 

3 2 Phoaphoglyccnc acid -* 2 Pyruvic acid 

+2H,P04 

4 2 rj*ruTic acid -4'2CO|+2 Acetaldehyde 
In presence of glucose tho H}P04of equation 3 

is not libcratetl In the free state but is transferred 
to glucose ultimatcU forming hexosediphos 
phatc, which Is then decompose as in equation 
1, and this senes of changes usually eontinuca 
until all the glucose has l)ecn ferraented If the 
amount ofeo tymase present becomes insufficient 
for the fermentation of glucose whilst suflicicnt 
Is present for the fermentation of hexosedi 
phosphate (p 19), inorganic phosphate may 
accumulate even in presence of glucose 
All Ihwe reactions proceed lety slowly 
paml with the rate of firmentation of glucose 
m preseneeof phosj hate, and this is In agreement 


with tho observed fact that tho fermentation 
of hexoaediphospbato la a relatively slow process 
(Meyerhof and Kieasling, thvd 1935, 281, 249), 
ita rate of fermentation being only 3-6% and 
those of phosphoglyceric and phoaphopyruvic 
acids only 10-16 and 16-20% respectively of 
that of glucoso in tho presence of phosphate 
Turther progress was made by Meyerhof and 
Kiesshng (ibid 1935, 281, 240), who observed 
tliat when tho fermentation of phoaphopyruvic 
acid was earned out in tho presence of glucose 
and phosphate, tho reaction was modified 

(a) Tho rate of fermentation was greatly in 

creased and became equal to or greater 
tlmn that of glucose in tho presence of 
phosphate 

(b) The phosphoric group of tho phospho 

pyruvic acid appeared to be transferred 
to glucoso forming hexosediphosphate 

(c) A second molecule of glucoso bocamo 

csterified at tho expense of tho morgamo 
phoBphaio and was decoTOposod into 
COg and alcohol 

Tho mechanism of the reaction was discovered 
by carrying out the fermentation m presence of 
NaF. Under these conditions the second mole 
cole of glucoso was converted into phospho 
gl^nc acid and not further cltanged 
^0 reaction under these conditions, » e in 
presence of NaF, may therefore be oxpresBed by 
tho two equations 

(60) 2 mol Phosphopyruvie aeid + 1 
Glucoso 1 mol Hexosediphosphate 
-I- 2COj + 2 mol Acetaldehyde, 

(5b} ] mol Glucoso +2 mol Acetaldehyde 
+ 2H,PO| -—iTnol Hoxosediphosphato 
+ 2 mol Acetaldehyde ^ 2 mol Vhos 
pbotnoso + 2 mol Acetaldehyde -v 2 
mol Thosphoglycerio acid 4- 2 mol 
Alcohol, 
or summarised 

(6) 2 mol Phosphopyruvie acid + 2 mol 
01ucose4-2HiP04^2CO^+2 mol AI 
cohol + 2 mol Phosplioglycerio acid 
+ 1 mol Uoxoscdiphoapliato 
In preseneo of lodoacctic acid which com 
plelely inhibits tho oxido reduction of phos 
pholnose and acetaldehyde but docs not 
inbibit tho decomposition of either phospho 
glycctie acid or phosphopyruvie acid, tho 
reaction abo proceeds at the high rate but 
lakes the form 

2 mol Pbospbopyruvic acid+ 1 mol Glucoso 

-♦ 200(4-2 mol AcetaldeJiydo-H mol 
Hexosediphosphato 
Ihe essential point seems to bo tho phosphoryl 
ation of tho extra molecule of sugar, and it is 
only when this occurs that tho high rate of 
reaction is attained Fxperiments with different 
sugars and their derivatives show that tho rates 
of fermentation of phosphopyruvie acid in 
presence of NaF and of phosphoglyccno and 
phosphopyruvie acids in presence of iodoaectic 
acid aro intimately bound up with tho rate of 
esterification and fermentation of tho added 
■ulntance Thus fructose glucose and mannoso 
I all give a largo increase, hexosemonophosphate 
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alo-sjer one, glycogen a staiWer one; galactose 
® loTT increase, dlhydroxvacetone and 
^ loTrer one, and mannitol 
■vnuch IS non-fermentable only a trace of increase 
orer piosptopymTic acid' alone. Tnese in- 
ceases corre^nd -ivitii the rates of fermenta- 
tioii of the added snhstances in the absence of 
inhihitants. 

Thse resnlts irere embodied far ilevethof and 
:&sshng {ibid. 1935, 281, 249) in a n'e— scheme 
O- - 0, 1 ‘ r e.itation ^rhich has norv been modihed 
^ result of a farther analysis of the in- 
dirr anal reactions. This has 'been rendered 
posable by the use of a restricted system of 
cirymes in "^Thich not only ■were pure co-enzvmes 
Hsed^bnt the apo-enzymes -srere also parriallv 
puriSed. Warburg and Christian derised a 
fermentation system of this hind {ibid. 1936, 
^7, 291) for testing the eScacy of co-zvmase 
(Co-dehydrogenase I). 

To a solution containing henosemonophos- 
phate (Eobison fermentation ester), inorganic 
p..osphi5te and acetaldehyde the foUottiim 
additions are made : ' « “ 

(c) Ttro ‘■sp€cincprotems’'(apo-enyzmes), A 
and B, prepared fay Xegelein {ibid. 
1936, 287, 329} from yeast-maceration 
extract- by precipitation first trith acetic 
acid (A) and then ttith acetone (B). 

(b) Adenylpyrophosphate and co-dehvdro- 

genasel. 

(c) Mg ions (Mn ions are possibly also neces- 

®3iy ; NH^ ions are present in the veast 
preparation A). 

A coapled reaction then occnrs, trhich tras 
mterpreted in the folIoTvmg tray (a diSerent 
interpretation is given bv~5Ieverhof and his 
coUeagnes, p. 30) : 

1. Hexosemonophosphate -f- 2 Acetaldehyde 
-i-HjO -^Pvmvicacid-rBhosphoglvceric 
acid-b2 Alcohol; . 

-• Sexosemonophosphate-i-HjPO^ 

Hexosediphosphate-f- H .O ; 
or STnnmaiised : * 

3. 2 Hexosemonophosphate-7-2 Acetaldehvde 
-b 1 Phosphoric acid 1 Hexosedinhos- 
phate-b 1 Pymvicacid-b 1 Phosphorlvceric 
acidA2 AIcohoL 

_ Carboxylase is absent, so that the p y r u v i e acid 
IS not fhrther chanced. 

study of t his system has been made 
^ 3lejrerhof. Kiessling and Schnlz {ibid. 1937, 
”■5)- -ilthoagh glncose is not attacked 
nn_er these conditions and hexosediphosphate 
only vpy slorrly, a mixture of the tVo is fer- 
mented even more ranidiv than hexosemono- 
pheisphate itself. ' ' 

Ftzr.^io~. cf '^^Frdtir.s” A ar.d B . — ^It has 
fceeaionnd that protein A is essential for the 
^ction by vhich hexosediphosphate is formed 
.• i.^ns-ierence oi phosphate from phospho- 
• ic scin to glncose or hexosemonophospb?.te 
{by TOvof adepyipvrophc-sphate (fee ir.'er, p.S4 )). 

matron of hexosedinhosphate rconires 
'"iy of protein A, Protein B on the 

contams the spo-cnrvmes for the 
c. ydrogenase, necessary for the prodcction of 
eexesemonophosphate from inonranic phe-s- ‘ 
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^^te, by tvay oi adenylpyrophosphate, since 
this reaction is coupled vith oxido-rednetion, 
and for the various enzymes concerned in the 
pmdnction ol phosphopymvic acid from hexose- 
^hosphate. Wben pro-lein A is orr.iiUd from 
Warburg and Christian’s system, no chance 
occnrs, as the hexosemonophosphate cannot be 
converted into the diphosphate tvhich is a neces- 
sary preliminary to its decomposition. When, 
however, protein A is omitted ^m the modified 
system containing glucose and hexosediphos- 
p^te, the following reaction occurs, the hexose- 
diphosphate and phosphoglyceric acid beinc 
respectively in eqtiilifarium with phosphotnose 
and phosphopyravic acid : 

(c) Hexosediphosphate (^Pho3photiiose)-b2 
(3ucose-b 2 H 3 P 04 -b 2 Acetaldehvde = 2 
Phosphoglyceric acid (^Phosphopyravic 
acid) -b 2 Hexosemonophosphate -b 2 
Alcohol. 

This shows that the origin of the phosphoclyceric 
acid in this reaction (and of the pyruvic acid 
formed from it in reaction (5) {bdcnc)) is the 
hexosediphosphate and not the glucose. NaF 
makes no difference except that it inhibits the 
equilibiiTim between phosphoglyceric acid and 
phosphopyravic acid. If protein A bj rsoir 
added, a further reaction occurs : 

(b) 2 Phosphoglyceric acid (^Phosphopyravic 

acid) -b 2 Hexosemonophosphate = 2 
Ptravic acid-b2 Hexosediphosphate. 

The sum of these two reactions (a-bb) represents 
the rapid fermentation in presence of glncose 
and hexosediphosphate in the restricted system. 

o -b b) Hexosediphosphate -b 2 Glncose 
-b2H3PO-b 2 Acetaldehyde = 2 Alcohol 
-b2 INravic acid-b2 Hexosediphosphate. 

In the nrurestricted system, the pyruvic acid is 
decomposed and the summarised equation 
becomes : 

(c) Hexosediphosph2te-b2 GIucose-bSHjPO^ 

=2CO, -b 2 Alcohol -b 2 Hexosediphos- 
phate. 

These observations are borne out by many 
others on the efiects of vaiying the nature and 
quantity of the substrates present and have been 
embodied by 3Ieyerhof in his latest scheme of 
fermentation (Jleyerhof. Kiessling and Schuir, 
ibid. 1937. 292. 25. 65 ; see also Meyerhof 
Ergeba. Physiol. 1937. 39, 10). 

The main features of the scheme (p. 30) 
are the following : 

1. The substance broken down to S-carbon 
compounds is always hexosediphosphate. Tho 
breakdown occurs in the way already described 
bv wav of phosnhotrfose, etc. This follows 
directly from the experiments with the rt-stricted 
fermentation n-stem. Further proof is afforded 
bv the fact that when the glucose of the modine^i 
fermentation test is replaced by creatine 
(u-dislvsed muscle extrac;} the formation of 
pvravic .acid, the only po-itde sourro of which 
is* the hexosediphosphate. proceeds at the u=ual 
hirh rate. The cwatir.e not cniy acfcpts the 
nhosphate from the pho^phoptvuvic arid formed 
Intcrmcdiatelv, lut* afro takes up an equal 
qmmtiiv of ihoruanic phosphate, this rractio.". 
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I 1 U slo.v and tte yield is poor; tiie dibrnmide is a 

KO-GePhj-O-GePn.^ coloorless microcrTSLallcie po— der, nnp. 228'-. 

'Die corresponding propionylaretone derrvatives 
HO-GePh.-O-GePh, have also been obtained. 

, .. ,, -- With, copper acetylacetone germanic chloride 

IF’ csstafals complex intemnediate prodncts 

Ji.onophenyl Denvzav^.^'— vhicfc. resolve on crystallisation into ginr.arAun 

Pr.--jr.g.girT^r.v-r: IrLcrJari^^ PhGeC^^, is px- trimcelgdacsdoT.t cuprocUoride (H), colonriess re- 
1^=^ ^ v^ } tsatmg GeCl 4 GePh^ -c nas: fesctive prisms, ra.p. 147-145^. The analosons 
presnre. (o) py- heating GeCj^ mia mercnry aiprxAroTr.ide is obtained in a like manner but 
^p_£nyl at 1-rtf in 3y.ene and (cj by heating jr accompanied bv a dicnprobromide, 
mnocenzene vith CstGeCy at 250'. It is a 

c-olmniess iinnid. b.p. 105-1 C'*3^/ 12 mm.; the [GelCjHjO.lJCUjBr,. 

fnororr.fd' boils at 120-122^/13 mm. vrhiie the < - — 

trjfodfcs is a sohd. mp. 55-58’. Hydrolysis of ,C(CH3)-Or 

these leads either to p\tT.'ulg=jrr:aT.crr.ic acid, [(CH. ..JjGeXjJ 

PhGeO OH, or its anhydride. C{CH3):0 


cupxArorrdde is obtained in a like manner btrt 
is accompanied by a dicnprobromide, 

[GelCjHjO.lJCujBr,. 




\c{CH,): 0 -‘ 

L 


>)sGeX 3 ] 


PonTGEEiiirtrcir Pisnyix s. 

KexaphenyldigermaneLPhjGe— GePhj.— c'^irn'X 

Fcrmeddnrinntheprolonsedactionof PhME-Br x n - 

cn GeCI^ or % the electrolysis of PhjGeNa in oCUHjjrU 

Eonid ammonia, it is nsnalLv obtained by heating H. 

PhrGeBrttithEcdimn inxvleneorbvtheinter- r't d 

action of Ph,GeNa and PhjGeF.' Colonriess 
microcrystallins povrder, m.p. 340% only 

sEght^ soluble in organic solvents.*^ EnTZEnMCES. 

bctaphe.nyFgernranopropan^ PhjG^.-- f, Winkler, J. pr. Chsm. 1SS6, [iiT, 34, : 
Erepareabytheactionof2moLof PhjGeNaon TTiakler, loidi 1SS7, pO. 36, 196. 

1 moL of Ph.G eC I. in vrarm benzene ; it ro^ Petteisson, Z. ph-mkaL Cl 

co:ot:tIs?? yiztes Sron cblorofonzL sup, fr^i-S^s-S , ^ 303^ 

and is stable totvards moisttrre.s^ .. . , " 4 . Exfiss and Edison, Ber. 18S7, 20, 1696. 

Sodicm in :^Isne reacts tnth oipnenyipr- - Yoegglem Z. anorg. Chem. 1902, SO, 32 


=CI or Br 


1. C. Winkler, J. pr. Chsm. 1SS6, [iil, 34, 177. 

2. C. Winkler, ibid. 1SS7, [u]. 36, 196. 

3. MIson and Petteisson, Z. physxkaL Chem. 


Ene mateiiaLni.p.2&4-29-5^. The corresponding j Bncham 
reaction ttitli the trichloride, PhGeCIj, grres a 1 jojp o 551 . 
jTTcdncf. (GePh)j. ■srHch. vras Erst thonght to t 
have a cycEc stmctnre bnt tvhich is novr r^arded I 
as an open-chain compcmnd.— j 
The cnfy deSnite riiig stmctnres containing | 
germaninm appear to be Itl-dtethykrsrmcr.iPir:- j 9 , hluEer.i 
cydapertcmst^yiere 44, 2495. 


Ind- Eng. Chem. 1916, 8 , 5S5 ; 


S. van Lsar, Z. anorg. Chem. 1918, 104, 136. 


.CH.-CH-x 

CHj/ ■ ^GeEt; 1922 . 

H, CH. BidveE, Physical Eev. [ii}, 19, 44i. 

and the corresponding Izl-dicHoro derivative. 12. Schenck and Imker, Eec. trav. chim. 41, 
The Htterm made Emm the Grignard reagent of 570 Schmidt-Hebbel. 

crc-dcrozn^opestsue.'^* 

AsgL-xxsrr. i t rS or Gssmitvixsi. — Ber. 55, <S5. , „ , -rr j;:; 

A ntmiber of mixed aryl-alkyl germanium com- 14_. Paneth ami Schmidt-Hebbeh ibid. 5o, 
pounds have been made of ~ivhich the most 261o. . c- t rTicm 

feerestmn is probablv eib^ihopropgiphenyl- 15. J. H. ITuEer ana Smith. J. Arne.. Chem. 


9. hlulier, J.Amer. Chem.SQc.43, 10S5; 1922, 

M.* 9.i.05 

10. Dennis and Papish, loid. 43, 2131. 


csrrtcT.Jum hronide. 


>< 


~ 15. J. H. ITnEer and Smith. J. Amer. Chem. 
Soc.'44, 1909. 

16. Dennis and Hance. ibid. 44, 299._ 

17 . Dennis and Hance, wid. 44, 2S55. 


on an analogy ^th carbon the germainum atom IS. Demus and Johnson. J. Amer. Chem. Soc. 

^ compound has not been 

'^G^ardumDerivaEvesof^-diketones.^ _ 20 B.-idgman, Proc. Amer. Acad. Arts 
Gennaniitni tetrachloride reacts "vritii acetyl- 5S, 19o. 
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NiAsS, .crystallised in the cubic S3-stem. The 
m'ckel (35-4% according to the formula) is 
usually partly replaced isomorphously by iron, 
and less often by cobalt. Analyses show Ni 
16-24-35-97%, with Fe nil-16-64 and Co nil- 
14*12%. Crystals are usually octahedral in 
habit, and they show good cleavages parallel 
to the faces of the cube. The colour is- steel- 
grey -with metallic lustre, but usually the 
material is tarnished and dull black; the streak 
is grej^h-black. Sp.gr. 5-6-6-2; hardness 5. 
The* mineral occurs in metalh'ferous veins, and 
has been recorded ftom several localities in 
central Europe ; also fi-om Loch Fyne in Scot- 
land, Sudbury and Cobalt in Ontario, etc. 

L. J. S. 

G ESN ER I N . The flower petals of Gesttera 
fulgens contain an anthocyanin which is unique 
in that it is directly related to the flavones rather 
than to the flavonols. It has been studied by 
G. M. and R. Robinson and Todd (J.C.S. 1934, 
809) who, although unable to isolate the antho- 
cyanin because of lack of flowers, have shown 
that gesnerin is 5-glucosidylapigeninidin (IIT). 
The pigment was extracted fi-om the petals by 
means of hot 0-2% HCI, after rejecting the 
darker bluer-red portions. A long and tedious 
purification aflbrded a solution of the antho- 
cyanin, which showed properties identical -with 
those of a synthetic preparation. 2-O-Tetra- 
acetyl-)5-gIncosidylphloroglucinaldehyde (I) con- 
densed with 4-hydroxyacetophenone (II) .by 
means of HCI in dry ethyl acetate aflbrded an 
aoylated anthocyanin, from which (III) was 
obtained by treatment first ivith NaOH and 
then with HCI. 


HO 
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■0*C6H70(0Ac)4 


CO 
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The experimental evidence in favour of the 
above hypothesis is as follows I\ohler and 
Theodorovits (Ber 190o, 38 1345) found par 
aldehyde to be a more suitable agent tbanalc^ol 
for the preparation of fulminates and the for 
mation of methvlnitrohc acid from tscmitroso 
acetic acid has been accomphshed by Ponzio 
(J C S 1903, 84, I, 453), Wieland has prepared 
mercuric fulinmate from methylnitrohe acid (» 
supra) , andlastly by treating fulminic acid uith 
nitrous acid Palazzo {tbxd 1907 90 I, 489) has 
obtained methylnitrolic acid as one of the pro 
ducts of the reaction 

The older view of Kekul4 as to the constitu 
tion of f ulmini c acid has now been finally 
abandoned and the carbonyloxime formula of 
Nef has taken its place 

Hodgkmson (JSCI 1918, 37, T190 has 
pomted out that mercury fulmmate cannot be 
formed in the absence of nitrous acid or a mix 
ture of mtnc oxide and mtrogen peroxide he 
therefore, represents the formation and constitu 
tion of fulmmic acid by the equation 


CHj ON. 

I + No« 

HOCH, on/ 


1 \ 

) C=n/ 


0+2Hj0 


should be stirred with wooden rods The dry 
salt should be transferred on paper shovels, and 
kept m paper or cardboard vessels loosely 
covered, to prevent explosion from friction 
Silver fulinmate crystalhses m white opaque 
glistening needles scarcely soluble in water, and 
havmg a bitter methUic taste 
Silver fulminate is an exceedingly dangerous 
body, as it explodes much more violently than 
the mercury salt, by the action of heat b} the 
dectnc spark, by friction or percussion, or by 
contact with sulphunc acid It even explodes 
m the moist state, sometimes under water, by 
friction with a glass rod It may be rubb^ to 
I powder m a mortar with the finger or with a 
I cork The light accompanying the explosion 
I which IS best seen m the dark is reddish white 
with a tinge of blue (Liebig) When igmted 
under a pressure of about 2 or 3 mm , it bums 
slowly with a visible flame If silver fulminate 
be thrown mto a bottle contaimng chlorine it 
deflagrates before it reaches the bottom and 
does not fracture the bottle (E Davy) Silver 
fulminate dissolves in hot aqueous ammonia 
and the solution, on cooling, deposits crystalhne 
grams of ammomum silver fulmmate 
(C NO)j(NH4)Ag 


Halogen derivatives — ^The addition of 
halogens to free fulmmic acid prepared «n tilu 
alfords the following additive products m good 
yields CCIj NOH, bp 45*/12mm , 

CerjN0H,H,0. 

mp 40®, CBr« NOH mp 68-9* (Me ester 
by CH.Nj bp 139-141*), Cl, N0H,H,0. 
mp 62*, Cl, NOH, mp 69*, the diloro 
compounds are the most and the lodo compound 
the least stable The imtial products of the 
decomposition by heat of these substances 
(130*, 80* and room temperature respectively) 
are the halogcnocyanogens and bypobalous 
acids 

Mercuric fulminate or fulminating mer- 
cury (u Vol IV 836) 

Sifver fiifmrnate, FuCmmaUtig niter 
C NOAg 

In preparmg this substance 1 part silver is dis 
solved m 20 parts mtnc acid of sp gr 1 36 and 
27 parts of 80% spirit of wmo added, and 
the whole gently heated until frothing sets in 
The liquid is then removed and 27 parts or more 
of spirit added in order to moderate the action 
Stiver fulminate separates ont on cooling 
(Liebig, I c , cj Isef Annalen, 1894 280 308) 
Sliver fulminate is not formed, as was stated 
by Liebig (Annalen 1833, 5, 287), when nitrogen 
tnoxide is led into an alcoholic eolation of 
silver nitrate (Divers and Kawakita, JCS 
1684, 45 27), but is only prodnced by the 
energetic oxidation of alcohol by nitric acid in 
presence of silver nitrate Great caution must 
be exercKwl in the preparation of this substance 
Capacious vtsscls should be used, to prevent the 
liquid boiling over and the formation of a 
crust of the dr\ cxilosive salt on the outside, 
all flame must bo kept at a distance, lest the 
vajKiurs should take fire, and the miztore 


This salt is spanngly soluble in water, and ex 
plodes with much greater violence than the 
silver salt, even uqder liquid, when touched with 
a glass rod (Liebig) Aqueous solutions of the 
hydroxides of the metals of the alkahs or alkaline 
earths, or of the sulphides or chlorides of the 
al^s, yield similar double salts when boiled 
with silver fulminate Copper or mercury ean 
displace silver wholly or in part from silver ful 
mmate Zinc, even on boding for several days 
displaces only half of the silver, forming sdver 
zinc fulminate The normal zinc salt is pre 
pared by the action of zmc on mercuric ful 
mmate By actmg on this salt with baryta 
water, and exactly precipitating the barium from 
the zmc banum fulmmate thus produced with 
sulphunc acid, zmc hydrogen f ulmi nate is ob 
fftinpd saturating this salt with metallic 

bases, many double salts of zmc fulminate are 
obtained 

Silver fulinmate with triphcnylmethyl chloride 
m benzene gives tnphenylacetonitrUe oxide 
CPh, C N O, m p 163% which with HCl 
gives triphenylacethydroxamyl chloride, 
CPh, CCI N OH, m p 178-180* (Wieland and 
Bosenfeld Annalen, 1030, 484 236) 

Cadmium fulmmate, Ca(CNO)j isaVvlute 
powder, stable when diy, but readily decom 
posed by water, in which it is very soluble It 
B one of the most violent explosives and >3 
neatly as sensitive to shock and heat as mercury 
fulmmate Thallous fulminate becomes 
yellow on exposure to light, and is the roost 
susceptible of all known fiilmmates to shock and 
mcreased temperature, but the heat of detonation 
isnoi high, and its explosion is not violent 
Cuprous fulminate is insoluble id valor, an I 
is almost ns violent an explosive as ladmiutu 
fulminate although not so scnsitno to «hork 
(L W6ljcr and Martin, Bcr 1917,60 5S0) 

Fnlmuiic acid gives rise to a senes of poly 
rmensation products (r I ulmdicbio Acids) 
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FULMINURIC ACIDS, C3H3O3N3. 

Fulminu ric acid . — ^This compotmd was dis covered 
mdepsadentlr by Ueb^ (Armalen, ISoo, 95, 
282) and by SdiiscKbofi’ {ibid. 1856, 97, 53; 
1857, 101, 213). Its salts are produced by boil- 
ing a solution of a metaDio chloride or 'iodide 
with water and mercuric fulminate : 

4C^0H-^H30=C3H303N3-fC0j-fNH3, 
60-75 g. of well-washed mercuric fulminate are 
boiled with 700-800 c.c. of water, 60 c.c. of 
saturated ammonium chloride solution are then 
added, and the mixture is heated to the boiling- 
point. As soon as a yellow deposit of oxydi- 
mercuric ammonium chloride separates, the 
flame is removed, and ammonia added until all 
the mercury is precipitated. The solution is 
filtered, and the filtrate is evaporated, yielding 
crystalline ammonium ftdminurate, which is 
purified by recrystaJIisation. This is converted 
into the basic lead salt by treatment with lead 
acetate; removal of the lead with HjS and 
evaporation yields an indistinctly ciystalline 
mass, which gives colourless prisms of fulminuric 
acid from ScohoL The silver salt may be 
decomposed by hydrochloric acid to yield free 
fulminuric acid. Another method is Ulpiani’s 
(Gazzetta, 1905, 35, (ii), 357); snccinamide- 
dinitrosoperoxide, obtained by the action of 
fuming H N O3 upon ethyl acetoacetate, and 
subsequent treatment with concentrated am- 
monia, yields an acid proved to be identical 
with the fulminuric acid of Liebig, together with 
^-isofulminuramide ; the latter yields P-iso- 
fulminuric acid on hydrolysis {v. infra). Ful- 
minuric acid decomposes on heating with slight 
deflagration at 145® (Steiner, Ber. 1872, 5, 381) ; 
heating with dilute acids or alkalis decomposes 
it into oxalic acid, a mm onia and carbon dioxide. 
Xef (Annalen, 1894, 280, 329) regards it as 
nitrotyanoacetamide, 

NC-CH(NO,)C<^^|^ 

Ulpiani (Gazzetta, 1912, 42, i, 390) represents it 
as the mono-nitrile of laonitromalonamide, as the 
ammonium salt yields nitromalonamide when 
treated with dry HCl in alcoholic solution 

H 0 .N:C(CN)C 0 -NHj-^H 03 N:C(C 0 NH 3 )^ 

Ammonium fulminurale forms anhydrous 
monochnic crystals, which blacken on heating 
and give off hydrocyanic acid, ammonia and 
cyanic acid, the two last uniting to form urea 
(Liebig). , ^ 

Potassium fulminurate is prepared by the 
gradual addition of 2 parts of mercuric fulminate 
to a saturated solution of 1 part of potassium 
chloride, followed by gentle boiling until the 
whole is dissolved. The liquid is filtered hot 
from a yellowrish precipitate, and the'compound 
of mercuric oxide and potassium fulminurate, 
which separates from the filtrate, is freed from 
mercury fay sulphuretted hydrogen. Recrystal- 
lisation fro'm water yields potassium fulminurate 
in long glistening prisms, which decompose with 
incandescence when heated to 225° (Schischkoff, 

I.C.). 

Sodium fulminurale is converted by a mix- 
ture of HoSO^ and HNO, into trinitro- 
acetonitrile,*C(NO,)3CN. i 

Von. V. — ^25 


Silver fulminurate may be obtained by heating 
ammonium or potassium fulminurate with silver 
nitrate. It is almost insoluble in cold water, 
but may be recrystallised from boiling water in 
long, very thin needles. When heated with 
concentrated hydrochloric acid in a sealed tube 
at 110°, traces of oxides of carbon are produced ; 
one-third of the nitrogen is converted into 
hydroxylamine hydrochloride, while the re- 
mainder yields ammonium chloride (Ehrenberg, 
J. pr. Chem. 1884, [ii], 30, 55). At 100°, under 
or din ary pressure, the action is complicated, 

The fulminurates of calcium, strontium, 
barium, iron and lead may be obtained by double 
decomposition from the ammonium or potas- 
sium salts. On heating an ammoniacal solution 
of copper sulphate with fulminuric acid, am- 
monium copper fulminurate, 

C3H3N303 (CuNH 3), 

is deposited on cooling in characteristic gh'sten- 
ing purple prisms. 

By passing hydrogen chloride through an 
alcoholip suspension of potassium fulminurate, 

; Schischkoff {l.c.) obtained an oil supposed to 
i be ethyl fulminurate ; it is not, however, the 
ester, but has the composition C^HeEtNOj. 
It readily forms additive compounds with am- 
monia and the amines (Ehrenberg, l.c.). Accord- 
ing to Siedel (Ber. 1892, 25, 2756), fulminuric 
acid forms two series of esters, the nitrogen- 
ethyl ester, m.p. 155°, and the oxygen-ethyl 
ester, m.p. 133°; the latter, C3N302H2-0Et, 
is formed by the action of ethyl iodide upon silver 
f ulmin urate and when boUed with water is 
converted into desoxyfulminuric acid, cyano- 
fronitroso-acetamide, 

C 3 H 3 N 303 =NC-C(:N 0 H)-C 0 NH 3 , 
m.p. 184°, a derivative of mesoxalic acid (Nef, 
Armalen, 1894, 280, 331). 

Meiafulminuric acid, taocyanuric acid, 

C3H3O3N3, 

is the oxime of fronitroso-iso-oxazolone. 


/CH— C:NOH 
N< I 
\o C:NOH 


(Wieland et al., Ber. 1909, 42, 1346; Ann alen, 
1929, 475, 54 ; Ulpiani, Gazzetta, 1915, 46, 1, 1). 
I This is obtained by the spontaneous polymeri- 
I sation of fulminic acid (Sriiolvien, J. pr. Chem. 
1885, [ii], 32, 461) ; it is accompanied by small 
amounts of the tetramer, tsocyanilio acid, 
CjHjOjNj, known to be fiiuoxanedialdoxime, 
HON:HC-C C-CH:NOH 

Ii 'L 

N NO 

\o/ 

(Wieland, Annalen, 1925, 444, 7) ; the latter is 
characterised by its conversion into a bright 
red alkali salt with boiling alkali. Metaful- 
minuric acid is best prepared by treating chloro- 
formaldoxime, CHChNOH with a small 
quantity of sodium hydroxide or aqueous 
ammonia in the cold (Wieland and Hess, l.c.). 
The hydrated acid, containing 2 mol. of water, 
melts at 85-86°, the anhydrous acid at 102°. 

The action of N H3 upon an ethereal solution 
of chloroformaldoxime yields the ammom’um 
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salt of cyanoi&ontlroso accthydroxamtc €U*d, or 
oximtno cyanoacethydroxamic acid, 
CjH,0,Nj»HON C(CN)C(OH) NOH, 
the ammonium salt is decomposed by hydro 
cblono acid, yielding the acid, ‘which crystallisea 
from ether m colourless cubes, m p 117-118* 
(Nef, Annalen, 1864, 280, 321) Widand and 
Hess {I e ) found that 1 equivalent of alkali con 
verts metafulminuric acid quantitatively into 
the above, which is isolated by the addition of 
acid (it is not reconverted to metafulminnnc 
acid) This reaction goes spontaneously in the 
absence of alkali (Ulpiani, Gazzetta, 1616, 46, 
1 , 1), but 18 accelerated by heat or alkaJi Cyano 
tsonitrosoacethydrozamic acid can undergo 
further changes m three directions In aqueous 
solution or in organic solvents it is convert^ into 
an impure form of the syrupy fulminuno acid 
of Ehrenberg (see htloio) The anhydrous form la 
converted at 70* into a amino p nitro iso oxazdU, 

CH— C NOj 

Anh, 

\o/ 

When allowed to stand m glass vessels in the 
hydrated or anhydrous form, it changes to tto 
fulmmurio acid 

lao/ulmmunc acid, CjHjO,N,, is 3 hydro:i 7 
furazan 4 carboxylamide, 

HO C C CONH. 

^ il 

\o/ 

It IS best prepared from the mixture of sobds 
obtained by the interaction of ammonia and 
chloroformaldoxime , it can also be obtained 
Erectly from metafulminuric acid and ammoma, 
or NajCOj (1 mol), by heatmg for a few 
minutes on the water bath , and by the decom 
position of metafulmiDurio acid in a sealed 
tube It has m p 202* (decomp ) It is soluble 
in alcohol, acetone and ether On hydrolysis 
with boiling baryta water it yields 3 hydros 
furazan 4 carboxylic acid, m p 174* decomp 
(Wieland and Baumann, Annalen, 1912, 3^. 
100) These authors have shown that uo 
fulminunc acid u not the direct product of the 
action of NHj upon chloroformaldoxime, or 
upon the c>anotsonitroso acethydroxamic acid 
{see above) of Kef With bases, chloroformald 
oxime loses HCI to form fulminic aad, which 
polymerises to metafulminuric acid, this cau 
react further with ammonia, with nng fission 
and simultaneous conversion of the aldozime to 
the amide group, to give the amidoxime of tso 
nitrosomalonamide I 

^CH— CNOH HONCH— CNOH j 

\o — A NOH HjnLnOH 

HjNOC C NOH 
H,N A NOH 

This IS concerted by alkab into the above aad 
of Nef, and also mto the compound CgH^OsN^ 
of Ehrenberg (I e ), by dehydration between 
two mNOH groups and addition of NH, 


to the — CN group the compound being 
J hydroxyfurazan 4 carbonamidine, 

HO C C— C=NH 




\o/ 

Both of these substances are formed by the 
action of NHg upon chloroformaldoxime te 
upon metafulminuric acid They are the pre 
cursors of taofulminunc acid, and are converted 
into this acid by warm ammonia 
Zn the preparation of tsofulmmuric acid from 
metafulmmurio acid by the action of sodium 
carbonate, small quantities of another isomer 
m p 143° (decomp ), are also obtamed This is 
3 hydroxy 4 isomtroso tao oxazolomnude 
NOH 


HN-C— A— C OH 


A— II 


/aofulmmuno acid is also obtamed by loss of 
COj from a tetramer of fulmime acid, pen 
cyambo acid 

NC C C CH 

NOH llogH AoH 
(Wieland and Kitasato, i&td 1629, 475, 64) 

By boiling furoxaBdicarboxylaroide with 
water, Ulpiam (Gazzetta, 1612, 42, 1, 376) ob 
tamed fulminuno acid and two new isomers, 
p and y fulminuno acids The p acid la present 
as the amide, m p 176% 

/NH 

HC N\ 




which is very stable to acids, and can be recry 
stallised from boding cone bydrochlonc acid 
Thus p fulminunc acid is seen to be iwuio 
furazan carboxylic acid It has m p 196* 
and 13 soluble m orgamo solvents and 
boding water It gives no colour with feme 
chloride, sdver and mercuno mtrates give in 
soluble precipitates Copper acetate slowly 
preapitates large transparent green crystals, 
inaoluble m cold water The acid gives an 
ester by the action of alcohobo HCI It abo 
givesanitroso derivative, CjHgNgOg NO,HjO, 
which explodes at 133° , the mother liquors 
from this preparation give the ammomum salt 
of csonitroso cyaoscetic acid, m p 103° 

CN C( NOH) COOH 
The Y fulminunc acid is 5 ammo 4 mtro tso 
oxazole, m p 247°, 

CH— C NO, 

IL 

N C NH, 

An aqueous solution is not precipitated by 
copper acetate, nor coloured by feme chloride, 
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it gives a precipitate ■Kith merrario nitrate bat 
not vritli the -cMorile. It is a very rveak add-; 
it does not give an ammonitun salt, nor is it 
esterined by alcohol and HCl; it ^es no 
nitroscwierivative. inisn boilsd aith baryta, it 
diminstGs NH, to give 5-hvdroxv-*-nitio-ifo- 
oxazole, C,H,d^Nj.H,0. 

The fnlrritr^uric addl of Ehren- 

berg is obtained hy treating cjznoiicnhrosa- 
acethydroiamic acid vdth N H, ; ' it is a potvde- 
vrhich chars vithoat meiting —hen heated (Xe£^ 
Li.; Ehrenbere, J. pr. Chem. ,IS-S4, [ii], SO, 55). 

FULVENES (r. FoL HL 5345. c). 

FULVIC ACID (this ToE n. 53d>. 

FUMARIC ACID and MALEIC ACID. 
These trvo ethylene-cS-dicarboxyiic adds form 
the classical example of geometrical (de-trcns) 
isomerism. Maleic add readily forms an 
anhydride, — hereas fomaric add does not ; on 
the basis of this and other evidence maleic add 
is assigned the ciV- and fhmaric add the Irar.s- 

HO.C-CH 

HC-CO.H 

trar.i- 


conngaration. 

HC-CO.H 

HC-CO.H 

C5>- 


The oxidation of benzoqtdnone to maleic add 
■;dth nascent silver peroxide (KempS", Ber. 1905, 
39, 3715) is in agreement vith this vievr as is, 
indeed, the vapoTtr-phase oxidatioa of benzene 
itself (r. infra). On the basis of chemical 
evidence, Anschutz (Annalen, 1S57, 239, 164; 
192S, 461, 155) assigned to maleic add the 
hydroxy-lactone stracture 

CH-C(OH). 

! ■ 

CH-CO 


Phvsical evidence for this cyclic structure has 
been pat foxivard by 'Wassermarm and Smakula 
(Z. physihaL Chem. 1931, 155, 366) and ly 
Dadieu, Pongratz and Kohlrausch {Srtznngsber. 
Akad. Wiss. Wien, Math. Xaturvr. KL Abt. H, 3, 
1931, 140, 353). The analogous structure. 


CH-CCI., 

f >o 

CH-CO 


been assigned to maleyl chloride in vievr of 
its abnormai reactivity (Ott, Annalen. 1912, 
392, 245). 

'F TTTna-ri c add occuTS -srideiy distributed in the 
plant kingdom (e.o. in Iceland moss and the 
common fumitory); in the animpl vrorld it 
plays a vital part in respiratory processes (<f. 
SzCTt-Gyorgji, Z, physioL Chem. 193-5, 236, 1). 
hlaleic add does not appear to occur in nature. 

Eumaric add is produced, together trith 
maleic anhydride, —hen malic add is heated to 
150" (ITisiicenns, Axmalen, ISSS, 246, - 91 ; 
Mieha^ J. pr. Chem. 1S92, pQ, 46, 231) or 
boded vrith sodium hydroxide solution (Kciter 
and Dreyfns, Ber. 1900, 33, 1453), ly heating 
halogeaated succinic adds (Bnnmer and Chuard, 
ibid. 1S97, 30, 201) and, synthetical^, by con- 


densation of glyoj^j lie and malonic adds under 
the influence of pyridine : 

CO,H-CHO-bCH,(CO,H), 

CO,H-CH.-CH-COjH 

{Doebner, ibid. 1901, 34, 53). Technically, 

! fumaric add may be prepared by the Aspergillus 
furr.cricus fermentation of certain carbohvthates 
(B.P. 146411 ; Walker, J.S.CJ. 1930, 49, 946 ; 
r. this YoL 50c), vrhile the most convenient 
method for its laboratory preparation is the 
I oxidation of furfural vith sodium chlorate in the 
presence of a small amount of vanadium pen- 
toiide (Milas, Organic Syntheses, 1931, 11, 46). 

Maleic add was formeriy best obtain^ by the 
slo— distillation of acetylmalic anhydride 
(Anschutz, Ber. ISSl, 14, 2791) or by heating 
malic add vrith phosphorus pentachlorfde to 
206-220' (van der Eiet, Annalen, 189-1, 280, 216). 
At the present time, hovrever, maleic add and 
its anhydride are prepared on the large scale by 
the vapour-phase oxidation of benzene using a 
vanadium pentoxide catalyst:- 
CH 

;hc^ =^ch 

1 HO,^ ^CH 
I CH 

1 o 

1 C 

ho^'m:h 

[■ r , 

HC^/CH 

r 

li 

0 

o 

[' 

HC/'^^X 

1 0-hH,0-b2C0, 

r 

6 

a process vhich rras first worked out in 1916 by 
Weiss and Do-wns {E.S J'. 131S631, 131S632) ; a 
lame number of patents dKcribing improve- 
ments in this nrocess have appeared and the 
reader is referred for further information to sum- 
maries bv Weiss and Downs (Ind. Eng. Chem. 
1920, 12,'22S; J.S.CX 1926, 45, ISST) and to 
Hilditch. “ Catalvtic Processes in Anphed 
Chemistry,'’ 1929, pp. 199-205. 

Fumaric add may be converted into maleic 
anhvdride by heating or by treatment with 
phosphorus pentachloride, phosphorus oxy- 
chloride or phosphorus pentoxide (Tolhaid, 
Annalen, 1S92, 268, 2-55; Tanatar, ibid. 1S93, 
273, 31). Maleic add is converted into fumaric 
add bv beating in a sealed tube at 200^ (Tanatar, 
Lc.) or even by long standin g in the dark in 
aaueous solution (Eailan, Z. physikal, Chem. 
1919. 93, 613). This change is also brought 
about bv sunli^t or ultra-violet light, espeddly 
in the presence of a trace of bromine (Ciamidan 
and saber, Ber. 1903, 36, 4267 ; Wislieenus, Ber. 
Sachs. Akad. Wiss. 1895, 489 ; Kailan, Z. physi- 
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kal C^tem 1914 S7, 333 , Warburg, Siizuo^ber 
Preuss Akad Wiss Berlin, 1918, 1228) 
Fumanc acid is difficultly soluble in c^rrater 
and crystallises from hot water m soiall, colour 
less needles which subhme without melting in 
an open tube at 200°, but which melt in a sealed 
tube at 284° Maleio acid forma monocluuc 
prisms, m p 135°, which bod at 160* with 
anhydride formation 
Fumanc and maleic acida may be distinguished 
by the crystallme form of certain salts (especially 
the silrer, copper, lead and mercury salts) (Tan 
Italhe, Pharm Weebhlad 1922, 58, 1312, 
Wagenaar, \bid 1927, 64, 6) , fumanc acid is 
also distmguished by the fact that its mercury 
Bidt is quantitatively precipitated m the presence 
of ddutemtno acid (Olander, Z physikal Chem 
1929, 144, (A), 49) The foUowmg esters may 
be recommended for purposes of identification 
p nitrobenzylfumarate, m p IfiO 8°, maleate, m p 
89 3° , ‘phenaeyl Jumaraie, m p 197 6°, maUate, 
mp ild° , p pkenylph^naeyl maleate, m p 168° 
Both fumanc and maleic acids yield acetylene 
os electrolysis of their alkah salts and both may 
be reduced to succimo acid With bromine 
fumano acid yields mean dibromoauccuuo acid 
and maleic acid, rae dibromoauccimo acid , 
these reactions are examples of trans addition 
(McKenzie, JCS 1912, 101, 1196) With 
potassium permanganate, however, eta addition 
takes place with the formation of racemic acid 
from fumano acid and of mesotartanc acid from 
maleiQ acid (Kekul4 and Anschutz, Ber 1880, 
18,2510, 1881,14 713) 

D£BITl.TIT£a 

Esters Diethyl fumaraU is best obtained 
by esterification of the acid with alcohol vapour 
in a special apparatus (Corson Adams and S^tt, 
Orgamc Syntneses, 1930, 10, 48) Dtmethyt 
mueata i» ccavemently prepared from the 
anbydnde (Clemo and Graham, JCS 1930, 
2J3) Alkyiene oxides have also been recom 
mended for estenfying maleic acid (G P 5442S8) 
AfA'cfs .v i’jMiAlJr I 

directly m the vapour phase oxidation of benzene 
but may be prepared by distillation of tbe aad 
with a neutral solvent such as xylene (Mason 
JCS 1930, 700) or »n vacua with phosphorus 
pentoiide (Terry, J Amer Chem Soo 1925,47, 
1067) , on the large scale the auhydnde may be 
produced by vacuum distillation of the acid with 
out added reagent (U S P 1901914, 1966S53) 
3Ialeio auhydnde forms needles or pnsms, 
m p 53°, b p 202°, bavmg a faint unpleasant 
odour It js principally remarkable for the ease 
with which It combmea with compounds con 
taiidog conjugated double bonds to form cyclic 
products, e g 


(Diels and Alder, Ber 1929, 62, 2081, 2087, 
1930, 63, 2662 , Aunalen, 1931,490 243, Alder 
and Stem, tbtd 1934, 514 1) Tins reactmo 
usually takes place readily in benzene solution, 
sometimes being brought to completion at room 
temperature , it has found wide apphcation, not 
only m synthetic work but abo m the detection 
of conjugation m natural products Ualeio 
anhydride is now, m fact, one of the most 
valuable reagents m both synthetic and analytic 
organic chemistry 

Maleic anhydride also forms co polymers with 
ethylemo compounds, e g stilbene (Wagner 
Jauregg.Ber 1930, 63 [B], 3213, Annalen, 1931, 
491, 1) while, more recently, it has been found 
that some compounds of the styrene type yield 
maleic anhydride adducts as do ordinary con 
jugated compounds, e g vmylnaphthalene 

CH COv 

^ 4hco^ 




i 

HCns^ 




CH, 


CH, 

HC'^ ''CH CO\ 

11 I 9 

HC\ ^CH CO'^ 
CH, 


(Cohen and V7arres, JCS 1937, 1315) 
ArrucunoNS 

The development of tbe vapour phase oxida 
tion process has made maleio acid and ashydnde, 
formerly chemical rarities, into relatively cheap 
matenaJs and many uses for them have been 
proposed Downs (Ind Eng Chem 1934, 26, 
17) gives a review pf possible techmeal appli 
cations Some of these depend on the reaction 
of maleic anhydride with ^enes., thus, Martin, 
Griese and Lowy (i6id 1933, 25 381) suggest 
the use of maleio anhydride for the removal of 
readily oxidised dienes from petroleum , similarly 
U 8 P 1898363 advocates the use of maleio 
auhydnde as a stabiliser for unsaturated oils 
Adducm from maleic auhydnde and vanons 
terpenes form the basis of synthetic resins 
«lc8enb«i m U S P 1993025-1993037 Maleio 
and fumanc esters, their polymers and co< 
polymers with other substances have been 
proposed for use as plasticisers resins, etc (G P 
612321,563174, USP 1945307,1069482) 

/H N B 

FUMARINEsyn PROTOPfNE, 


C„H„0,N, 

an Opium alkaloid. 

FUMJGATIN (this Vol, p 54a) 
FUMIGATION OF WAREHOUSES 
AND SHIPS AGAINST VERMIN AND 
PESTS OF STORED PRODUCTS — 
Vermin and human parasites are a menace to 
health They are worse in hot countnes than 
m temperate, though even in these, wherever 
conditions are insamtary, they are dangerous 
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in accuracy it affords in arriving at the dosage 
required, with any given number of insects, 
which may be expected to give 100% mort^ty 
The straight line, above described, cm be, 
readily extrapolated, and the logarithm of the | 
dose correapondmg to a percentage mortality as ■ 
near as is required to 100% can be read off 
The accuracy of this value will vary with the 
departure of the observations from the line 
The term dosage refers to a combined con 
centration-time quantity From the results of 
a large number of experiments Peters (Samm 
lung chemischer Vortrage, No 31, 1936 Chemie 
und Toxikologie der Schkdlmgsbekampfimg) 
considers it to be represented by the product of 
concentration of the fumigant multipued by the 
time of exposure and that the toxic effect is 
proportional to this product This relation is 
the same as that obtaimng m tbe action of 
poisons on mammals and is known commonly 
as Haber’s nil© 

It seems that this is approximately true within 
limits for the separate quantities In a practical 
fumigation the concentration is contmually 
varying and the toxic effect may therefore be 
expected to be proportional, within the same 
limits, to the value of the concentration-time 
integral or the area under the time-concentra 
tion curve 

The lowest satisfactory number of test insects 
18 about thirty Tbe greater the number, the 
greater the accuracy with which tbe dose likely 
to give a desired percentage kill can be deter 
mined In the control of a heavy infestation, 
the percentage kill required may lie very close 
to one hundred and its determination will require 
a large number of test insects By using laige 
numbers of insects Pratt, Swam and EldrM 
(J Econ Entomol 1031, 24, No 6, 1041) 
sncceeded in showing an effect of protective 
stupefaction on ptehminary exposure to sub 
lethal doses of hydrogen cyanide which is of 
great importance in the fumigation of citrus 
trees Gough (Ann App] Biol 1939, 20, 353) 
found that the offspring of resistant individuals 
of Tr»6o?»um confusum were more resistant to 
hydrogen cyanide than the offspnng of suscep 
tible individuals The selection of a resistant 
strain, by partially effective fumigation, was 
suggested by Boyce (J Econ Entomol 1928, 
21, 716) 

Attempts to deternune penetration of a 
fumigant into goods by observing the toxic 
effect on test insects in small containers buried 
in the goods are often unsatisfactory owing to 
local disturbance of the texture of the mstensl 
of the goods and to alteration of the bus 
ceptibility of the insects It is generally better 
to determine the concentration at various points 
within the material by samphng and analysing 
the atmosphere at these points 

VxFORrsxTiov or Fcmioants — Most funu 
gents are supplied in tbe liquid farm Tbe 
method of vaporising them vanes with the 
volatility of the liquid, the prevailing tempera 
ture and with the type and size of building 
fumigated Moderately volatile hquids, such 
as hydrogen cyanide, carbon disuiphide and 
methyl bromide are still, sometimes, applied 
by being poured into shallow pans and aUoved 


to evaporate Frequently volatihsation is 
assisted by immersing a heated coil in the hquid 
or by passing the liquid through a heated coil 
(Osbum, New Jersey Dept Agnc , CiTcahr 18S, 
1930, Page and Lubatti, JSCI 1933, 62, 
316T)' Application of heat is particularly 
desirable with a substance such as hydrogen 
cyanide which has a large latent heat of 
vaporisation 

Another method of apphcation consists in 
spraying, under pressure, through fine nozzles 
Ethylene oxide mixed ^nth carbon dioxide, 
hydrogen cyamde and chloropicnn are often 
apphe^ in this way One objection is the danger 
of soaking certain porous goods or fabrics and 
hence of objectionable residues or of delayed 
vaporisation (Pago and Lubatti JSCI 1933, 
52, 323T) Screens of suitable fabric have been 
need to provide a large evaporating surface for 
the relatively non volatile fumigant heavy 
naphtha (Ashmore and McK Hughes, Brit 
Med J 1037, 1 , 469) 

A more generally satisfactory method of 
application is that of heating the liquid in an 
apparatus called a vaporiser Different types 
are described m the sections deahng with the 
common fumigants 

Methods op Determination —The con 
centration of fumigant in the air can be deter 
mined by the foUowmg methods 

1 Aspiratmg a known volume of air and 
fumigant through bubblers containing 
absorbing solutions, in which the 
I fumigant is subsequently determmed 

(Eddy and Geddings, J Econ Entomol 
j 1029, 22, 366) 

I 2 Collecting a known volume m an evacuated 
vessel which either contains the ab 
sorbent solution or is provided with 
means for adding it later 

3 Physical or physico chemical methods in 

which a change of concentration is 
I shown by the change of the electrical 

resistance of a hot wire, following a 
variation in its temperature This may 
depend only on the thermal con 
ductmty of the gas, as in the Catharo 
meter (Daynes and Shakespear, Proc 
I Boy Soc 102OA, 97, 273), or on the 

change in the rate of catalytic com 
bustion of the inflammable fumigant 
around the hot wire, which is itself 
the catalyst 

4 Comparison of the refractive index of the 

air-fumigant mixture with that of a 
standard gas, by means of a differential 
refractometer (Taylor, Chem and Ind , 
1939, 68. 1078) 

j Tbe catharometer is not of general apphea 
I bility since it is unduly sensitive to small 
' changes of concentration of carbon dioxide and 
water vapour which occur m goods 

Apparatus depending on catalytic combustion 
I la especially suited to routine determination of 
I concentration in tbe mam space of a fixed 
I cbamlwr Thedifferentialrefractometermetbod 
IS enmberaome and needs a costly apparatus 
and a large sample of gas The aspiration 
I method has the following disadvantages 
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(g) Dead space in connecting tubes, etc, 
msies it impossible to take s Tery snaH 
sample. 

(5) Inconvenience of sn aspirator or 

pump, except at a fixed chamber. 

(c) Inapplicabilitv to sampling &om tiamber; 

tmder reduced pressures. 

(d) Dimcultv of coEectfng a large ntimber of 

samples vf rbm a verv short period. 

(ej DiScuItvof sampling feom a large number 
of points ov.Ixig to the amount of fiexible 
tubing required. 

The method of coEectmg the gas sample in 
an evacuated vessel is of vrider appKcation 
than the others and has been considerablv 
developed. 

In a recent form the evacuated vessel is 
opened electricaEy Sxun outsids the space being 
fumigated. Samples Sxsm bidden spaces, such 
as the interior of packed goods or the spaces in 
hoUo— Trails, are obtained by attaching to the 
vessel a capillary tube ttbich is inserted into the 
sv&ce (Pane. J.S.CJ. 193-5, 54, 421T ; Lnbatti. 
J.S.CX 1935, 54, 424ri. 

The error in sampling &om hidden spaces 
produced by adulteration of the sample by gas 
diavm in &om the main space can be obtained 
mom the formula, 3r=[Gd-6{r;—l)—(c—6)€~J^/r:V 
—here Y =vohime of intergranular space, 
r-jT =vo!ume of sample, c/Y concentra- 
tion of femigant in intergranular space, o'T = 
concentrafiQn of fumigant in surrounding space 
and r=«m.centratiotL of fumigant in sample. 

Since the intergranular spaces of goods vary 
greatly vdth their na tur e and method of 
packing, the calculation of this error is of some 
importance. In general the percentage inter- 
granular space is surprisingly large. Some 
representative valnes are: tobacco in cask, 
6<f ; fiour, 49 ; grain, 4S ; currants and raisins 
fin 56-15. boxes), respectively 33 and 26 ; dates 
(in block}, 2 (Page and Lnbatti, -JjS.Cd. 1937, 
o6. i>4x}. 

Eesrdnal fumigant in goods or bunding 
materials after fummation and airing is usually 
recovered either distillatioa or by dry 
aeration or by aeraticm of a suspension in a 
suitabis Uqmd — hich is generally heated. The 
fumigant in the air stream is absorbed in a 
reagent and determined. 

TVtr^-no vrmr rat vr o v CrsvES. — Since the 
toxic efiert of a fumigant is proportional, 
vrrthin Emits, to .the product of the conceatratian 
and the d' 


ation of exposure, a series of curves, 
for representative positions, gives a f a i r idea 
of the eScscy of s fumigation. Curves have 
been found generally to conform to one of four 
tvpes (Pare, Lnbatti and Glovns, J. Hvgiene, 
1939, 39, 12}, Hg. 1. 

Type I curves represent the change of con- 
centration in the main space being fumigated ; 
a maximnm is reached soon after the end of 
vaporisation and thereafter the concentration 
falls, more or less rapidly, according to the 
leakiness of the building and the absorptive 
nature of its fabric and contents. "When airing 
becins, as indicated by the dotted line, there is 
a rapid and continuous faE in concentration. 
The value of the 


is usuaEv about > 


L to « the calculated concentration. Type H 
curves represent the change of concentration 
in spaces such as cupboards to mhich the 
fumigant is conveyed by difiiision and con- 
vection fejm the main space, there beinu no 
direct appHcation of fumigant. The curves are 
simEar to those obtained for the mam spaces 
except that the maximum concentration attained 
is lou'er and is reached later. 

A curve of type IH is fiequently obtained by 
sampling from Hth and plaster partitions. A 
curve of type lY is characteristic of the change 
of concentratiQn. inside pfles of absorbent 
material such as heaps of clothes. It uin be 
seen that airing in types IH and lY is very slovr. 
In the fumigation of ships sinular spaces are 
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met with and si milar curves are found (Stock, 
ilonier-WiEiams, Page, Lnbatti and White, 
BnIL OS’, ratemat. Hyg. PnbL 1933, 25, 293). 

In the fumigation of empty warehouses for 
disinfestation of the fabric the curves obtained 
are of type I, but big difrerences are found 
depending on the ratio of the volume of the 
btnlding to the surface area, on the absorptive 
nature of the fabric and on the air-tightness. 

Host unpainted buSding materials are ab- 
orptive. This absorption is veiy greatly 
reduced by two or three coats of ofl paint. The 
most lea^ part of a building is usuaEy the 
roof, hut a hoarded and felted roof is relatively 
air tight (Page and Lnhatti, J.S.CT. 1933, 52, 
309TL 

The construction of buildings and the materials 
of construction infiuence penetration into cracks 
and hidden spaces. Haterials vary greatly in 
their transmissive properties. In taE,_ single 
storev warehouses the concentration is fre- 
ouentlv too low near the ridges of the roof and 
b^ be raised by stirring the whole of the 
air in the warehouse. 

Curves obtained when sampEng from inside 
packages of goods approximate to type HI, if the 
diScuIty in penetrating the package is due 
chiefiv to the packing material, and show more 
resemblance to type I orill. if most of the loss - 
of fumigant is due to absorption in the goods. 
For example, the concentration insde'"s 56-Ib. 
block of dried fruit foEows the concentration 
in the main space, type I curve, if there is no 
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packing matenal, but, as tbe block is enclosed 
first m parchmentiscd paper and then also in a 
wooden box the curves obtained approximate 
more to types 11 and III Unless the finit la 
extremely moist, there is practically no gradient 
of concentration withm the box With other 
substances such as fiour m sacks and tobacco m 
casks or bales there is a very steep gradient 
The construction of cases as well as the matenal 
used for them influences penetration 
With curves of type III airing is slow and 
after the end of the fumigation a useful con 
centration of fumigant remains for a considerable 
period, durmg which fumigation continues 
It appears that the mam source of loss of 
most fumigants is absorption m goods or porous 
materials, although there are few published 
data 

For a particular product the most important 
variables are concentration of fumigant 
temperature, humidity and water content of 
the product The rate of absorption is im 
portant as well as the total amount of fumigant 
absorbed at equilibrium 
Greatly improved distribution and penetra 
tion are secured if goods are stacked in narrow 
piles with narrow alley ways between Boxed 
goods lend themselves to such systems of 
stacking Dned fruit, for example, is stacked 
for fumigation in tiers one box wide, with 
spaces of about 2 m between the tiers, the two 
ends of each box being exposed to an alley way 
Cacao in bags cannot ^ stacked in piles narrower 
than two bags wide In this way one end of 
eiery bag is exposed to an alley way and the 
penetration is considerably better than when the 
piles are three or more bags wide (Page and 
Lubatti, JSCI 1933, S2, 323T, Bums 
Brown, tbtd 1937, 56, IIGT) 

It has been found beat to fumigate goods m 
specially constructed chambers rather than id 
ordinary warehouses These chambers have 
fixed characteristics so that the behaviour of 
fumigant m them can be foretold and conditions 
repeated and goods can be stacked m them in a 
steuicfard way, an even distribution is thus 
assured and the concentration checked The 
chambers can be of such a size as to allow of a 
repeat fumigation, if necessary, without undue 
expense, and they can be fitted with hcatmg. 
vaporising, circulatmg and airmg devices which 
make for economy and safety Chambers 
designed to operate at atmospheric pressure are 
made of iron, bitummous felt or bnck, well 
plastered and painted If mtended for fnini 
gants, without appreciable fire hazard they may 
be heated by mtemal sealed, electnc tubular 
heaters For other fumigants, heaters must be 
external or must consist of steam or water 
pipes Any form of heating except hot water 
IB dangerous for use with carbon disulphide 
Steel barges are used successfully as fumigation 
chambers Oil dressed tarpaulms used to cover 
the hatches are very nearly gas proof Care 
must be exercised in sheeting down and the 
barges must be regularly overhauled 
Chambers working under reduced or under 
shghtly reduced pressure must be made of mild 
ateel They are now provided with circubting 
apparatus as well a« with vacuum pumps Some 


have interlocked doors, valves, etc , to ensure 
that no possible leakage can occur, and are 
now used where it is essential that no trace of 
fumigant should escape into the building in 
which they are housed In multiple plant a 
certam amount of fumigant may be saved after 
the fumigation and passed to a second unit 
The lycle of operation in chambers working at 
reduc^ pressure vanes considerably from one 
company s recommendations to another In 
general unless the goods to be treated are not 
very absorptive, only sbght improvement m 
penetration is brought about by the use of 
highly reduced pressures Claims have, however, 
been made for an mcrease of toxicity and 
decrease of absorption by pre fumigations with 
carbon dioxide carried out in chamb^ers working 
at reduced pressures (Young Wagner and 
Cotton, J Econ Entomol 1937, 30, No 3 560, 
Petere Anz Schadlingskunde, 1936, 12 No 7, 
82, Lindgren, J Eton Entomol 1936, 29, 
1132, Lepigre, Chim et Ind 1934 32 1263, 
Page and Lubatti, Nature, 1937, 139 553) 

The advantage of the circulation of the 
fumigant, which is obtained m chambers, can 
also be obtamed in storage silos by fitting them 
with special fans and piping The alternative 
way of dealing with largo bulks of gram etc , 
18 to Qux with It, dunog loading a material 
which will slowlv eive off a fumigant Such a 
matenal is calcium cyanide, which reacts with 
water vapour, and with carbon dioxide to 
liberate hydrogen cyamde, another is ethylene 
oxide, cooled by mixing with solid carbon 
^oxide , whilst a third, which is used in Ger 
many, is alumimum phosphide which generates 
phosphine by reaction with water vapour 

The most important fumigants will now be 
considered in detail , the general chemistry of 
the gases employed be found in other articles 
of this Dictionary 

Hydrogen Cyanide — This is one of the 
oldest fumigants and one of the commonest at 
the present day It has a high toxicitj to rats 
and to most insects Certam beetles such as 
Catawfra graruina and Trogoderma fft'arpo are 
veiy resistant It is inflammable but not 
dangerously so, and considering its efficiency it 
18 not nnduly costly 

ilelhodt of ApplxeaUon — In the original 
method it was generated m the space to be 
fumigated by the interaction of sulphuric acid 
diluted 1 2 by volume and sodium cyanide, the 
interaction of a solution of the cyanide and 
chlorate of sodium with concentrated hydro 
chJonc acid was also used, 2 g of cyamde 
and 1 g of chlorate were dissolved separately 
and the solutions mixed To this was addw 
10 c c of acid A mixture of hydrogen cyanide 
and cyanogen chloride was evolved In using 
the sulphuric acid method it is essential that 
the acid be freshly diluted so as to be hot when 
the cyanide is introduced In practice vats or 
tubs weregenerajlv used and the cyanide tipped 
m from swivel boxes by means of a cord It 
has been considered safer to pour a solution m 
cyanide into more concentrated acid through 
tubug (Stock and Momcr ^ illiams 3Iin Health 
R^ on Health and Med Sub No 19) A 
booklet by the Roesslerand HasslacherChernieal 
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Cc. (X.F. i932j gives tie Htest development 
of this so-caHed dnmping ” cr " pot method. 

The gzs mnv ce intrcdcced by vaporisction of 
liquid hydrcgen cysnide. b.p. fd-o". Tbs Ponid. 
stabilised by smnli cmotmts cf acid, c-ommonly 
oxalic acid, is generaSy stored in steely cviindsrs, 

smetv caps or in stoat glass berries vritli crotvn 

Ir is appped in three travs : (1) By pomdna 
it into shsHovr pans cn the door cr on to the 
£cor itself by operators •v-earing gas casks. 
(2) By forcing it. by ceans of arr-pressnre, 
throng screvred iren tubing, tercinnting in 
spray nenziss, dosage being controSed by 
~eigamg. The tnbing cay be installed tempo- 
r p.r-fT vy or ttLsh tL.* norrlss jnsv 

be nned, inside the nzchineny of niHs. etc* 
(Wagner. Cotton and Tonag, UJS. Ibrpt. Agric. 
1535, ■■ The llachinery Piping Sjy-em of Fionr 
HO Fnmigaticn "). (3/ By evaporatreg it in 
vaporisers. A small vaporiser for hydrogen 
cyanide consists of an open conical vessel Tvnh 
a removable Ld ; the hydrogen cyanide, vHch 
has been ponred in, is boiled on by means of 
electrical heaters in good thermal contact vrith 
the hortom of the vessel The vaporiser is 
placed inside the space to be fnmigated and the 
heaters cccnected to a sonree of snpply ontside. 
When all the Pqtdd has evaporated, the tempera- 
tnre of a fasible link rises imtil it celts and 
breaks the cire ni t by actnating a cerctiry sttirch. 
This apparattis is not snitable for the franigation 
cf large bnildcgs otring to the high electric 
loading repaired. Vaporisers ttith a large 
reserve of heat cay be nsed, together trhh some i 
method of transferring the liquid hydrogen 
cyanide to thee after the sealing of the b niTfiog 
f rr— rg ation (Page and Lnbatti. J.S.Ci 
1933, 52,~S16T ; Ai±i and Shemard, U.S.PJai 
Bents. 1S2S. 43. Xo. 41, 2547; Walker and 
Ehmed, Ind. Eng. Chem. 1925, 17. 1C*74). 
T.'rrrrn hydrogen evanide cay also be absorbed 
in *grann!ar catedaL ey. kieseigtthr. The 
prerometary prednet, ZyHon B " contains also 
a stabiliser and lachivtnato’-. generally a mint are 
of a sicple chloro-esrer and b-omo-ester. It is 
sealed in cans vrhich are opened vdth s special 
tool, covered vdth a rabber cap and placed in 
posrdom Operarors, tsearing gas casks, re- 
move the caps and cistribate the grannies on 
the door or cn pf eces of sacking, etc. The 
evointicn of cyanide is often coepfee srithin 
aoont nfreen minntes. After aeration the 
residne is disposed of safely. If the material 
is csed in canjtccrfon vdth chambers a special 
vanoriser is sometimes irsraHed. This is 


piacea m & gas-cdrcnlarrng errenit and may 
fanction either iy passing hert air throng the 
material after perforation of the ends of the 
container cr by spreading the material over a 
■5vater-]achered snrface after cutting ont the 
lid and inverting the container (Keedt. Vehr. 
dentsch- Ges angev. EntomoL 1924, Bst- 

Tenbnm and Decksrt. Z. ges. Kalre-Ind. 1G2-5, 
32, 17 Beatrv. .lEtH-ALC. 1528, 47, 59 ; JackeL 
Prait. Besmfekt. 1927, 19, 35; Bortcher. 
Hesinfekr. in Gesrcdheitcvr. 1927, 19, 143 ; AMn 
and Sherrard (hr-): Gasner, Z. hyg. ZcoL 
1937, 29, Xo. 6, 176). liqtdd 


hvdrogen cyaede is also availahle absorbed in 
disjs of vre-od pnlp and stabilised, generally 
sritn acetic or snlnhnric acid. These dis's are 
very convenient for the ftre^tion of small 
sguces (Wniinm--. UE. PuhL Health Eep. 1931, 
45, Xo, 35, 2&1S; Page, Lnhatti and Glajns, 
lx.}. The rate of evolution of hydrogen cyanide 
&Qtn the discs varies vdth the temrierottire. 
Above lo^C. evolirtion is cocn^ste tfithin 30 
minrfes {Page and Gloyns, J.S.CX 1936, 55, 
213J.J. Lastly, the gas cay he generated ir. 
eitc from caldtrc cyanide either pure or con- 
taining additioani hydrogen (yanide. The 
porrdered cr grannlar prodnet is exposed in 
t hin layers on the door. If the atmospheric 


tsater &om the air. Under favourable con- 
dinens only 5% of evanogen may remain com- 
bined after a fetv hoars. The residue is, of 
conise, dangerous and care must b-e taken to 
dispose of the trhole of it safelv (IL S. Benjamin, 
'I- Proc. Boy. Soo, XX.W. 1928, 60, 35 ; hook- 
Calchnn Ovanide," bv the Ameri- 
can Cyanamid Co. : l-fTei BnlL Ent. Ees. 1925, 
IS, 2-51 ; Eddy, S. Carolina Agric. Expr. Sta. 
1929, BcIL. Xo. 2-58 ; Voimr. Ind. Eng. Chem. 
1929, 21, 551 ; Dshalaganija and Itvanotr-, Chem. 
Zentr. 1935, 109, n.' 2790; Peters, Booklet, 

A Short Gniie to Tree Fmaigation," Frank- 
fort-on-llain, 1931; Smith, '’Chem. Zentr. 
1937, lOS. LL 4€'92}. 

SuslcMliiycf Sydreyer. Cirzr.ideforTiirzsyutirg 
Vcriiyjs llctaicls. — Tea, coEee, spices, deli- 
cately favonred nats, etc., are liable to he spoilt. 
Water, tratery fats, and vrateiy and sngary foods 
Such as milk. Smit, vegetables, both &esh and 
drfed. minced meat, cheese and possibly other 
foods retain too cnch cyanide for ratr consinnp- 
tion. Ahont ten to bventy parts per milhon, 
commonly remain in other products after aera- 
tion, the balk of thi^; being lost as a mle in cook- 
ing (Honier-Wniisms, Hrn. Health Eep. on 
Health and Hed. Scb. 1939, Xo. 60)- For deter- 
mination a ’weighed sample of food is sospended 
in water. acidiSed with phosphoric or salnhario 
acid and then aerated or steam distnied- The 
hydrogen cyanide is collecfed in dilate aqaeons 
wxit rrm hydroxide and after addition of potas- 
■dnm iodide and. ammonia hr is titrated with 
X/oO silver nitrate according to the method of 
Denines (Compt. rend. 1S93, 117. 107S ; LahartL 
.J.S.(LL 1935, 5i. 2751). Compoonds with 
aldehydic or ketonic groops. such as dextrose 
and Isvnlose, may form moderately stable 
cvanhvdrins (IToaier-Wiiliains. Hin. Health 
Eep. on Health and lied. Sab. 1930, Xo. 60), 
and the toxicity of these compoonds is not 
kno-wn. The rate at which they decompose is 
liable to be slow and indep end ent of ordinary 
changes in the conditions of airing. Fnmigated 
foods containing Isvnlose. in partfcnlar retain 
hvdrogen cyanide as cyanhydrin as well as in 
solntion. etc. The total residnal hydrogen 
cvaidde may be recovered by aerating a boiling 
aqueous suspensioa ■which is only slightly acid, 
■whilst only the fnmigant -which is dissolved or 
adsorbed is recover^ if the sns^nsion is 
strondy acid. Thtm, by pairs of deteminn- 
tions. tbe combined hvdrocen <yanids is 
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obtained by difference The fumigation of cold 
stores has been successfully earned out at a 
mean temperature as low as 6®C (Buttenbeig, 
Techiusches Gemeindeblatt, 1925, 28, No 6) 
Special problems of retention and aeration 'would 
seem to be mvolved A survey of the literature 
on residual fumigants in foodstu&s, including 
gram and cereal products, has been made by 
Wilhams (Amer J Publ Health, 1933, 23, 
No 6) 

Dangers of Cyanide Fumigahon — -All fumiga 
tion should be carried out by competent, 
framed operators Air contaimng hydrogen 
cyanide in the proportion of one part m one 
hundred ‘ thousand may be breathed with 
impumty, one part m ten thousand is definitely 
dangerous, and one part m two thousand 
quickly produces cyanosis, a general paralysis 
and affection of the nervous system, and nn 
consciousness followed by death unless first aid 
.1? jidmintstArfii? £lne psji- ap i»?v. 

hundred is immediately fatal (Momer Williams 
and Stock, I c , Page and Glojms, J S C I 
1936, 55, 209T) For first aid, see Mihlary 
Surgeon, 1926, 59, No 5, 642 It is essential 
that a fumigated space shall be sufficiently 
aired before bemg used The customaiy tests 
are the behaviour of -white mice and the time 
taken to produce a standard blue colour on a 
filter paper freshly moistened with separate 
solutions of copper acetate and benxidine 
acetate Other reagents are also employed 
(Katz and Longfellow, U S Bur of hlines. 
Serial 2504, and J Ind Hyg 1923, 5, 27. 
Deckert,Z Desinfekt u Gesun&eitsw 1930,22, 
82 , Oppenheim, J Ind Hyg 1925,7,416,Chem 
Age, 1925, 18, 474 , ‘ Methods for the Detection 
of Toxic Gases in Industry,' H 51 Stationery 
Office) There is sometimes a danger of gas 
continuing to accumulate over a long period by 
desorption from fumigated goods, particularly 
from woollens and from bedding when this is ' 
warmed, for instance, by body heat (Kaiser, | 
Wiener khn Wochenschr 1928, 41, 958, 
Williams, Pests, 1938, 6, 16 (11)) Ventilation 
of houses after fumigation has been studied by 
Page, Lubatti and Gloyns (( c ) who have made 
recommendations for ainng differently con 
structed houses both in winter and summer, 
furnished and unfurnished The effect of beat 
ing the bouses immediately after ventilation is 
also considered 

Addition of a Warning Gas — This la generally 
a lachiymator such as a chloro or bromo ester, 
chloropicrm or cyanogen chloride It may be 
of service where unskilled labour is used, but m 
general its value is doubtful (Pohl and Teach, 
Deainfektion, 1926. 11,87, BP 271614, May 
J, 1027, C 51 Hasselmann, Zentr Ge 
nyg Unfallverhut, 1927, 16,65, Bellogm 
and Viciano, 5red naises cAIidos Sladnd, 1929, 
2, No 1,3) 

Baciencidal Action — This is veiy sbght, 
tf 5Ionier Williams (Ic), aUo Fleuiy (Bull 
boc Chim Biol 1925, 7, 797, and Compt rend 
1925, 92, 696) as well as Nagel (Prakt Deamfekt, 
1927, 19, 257) 

Special ChamlxTS, Apparatus, etc — See Build 
mgs for Fumigation of Railway Cars (Cbem and 
5tcta1, 1923,27, 1160) .Wolters.Industnal Fumi 


S%tu>n Chambers (Zentr Gewerbehyg Un- 
ftUverhut, 1928, 15, 161), “Liston’s Gas Dia 
ntfector,” W Glen Liston (J S C I 1925, 44, 
370) One or two British firms now manu 
filctuie fumigation chambers and eqmpment 
Application of Hydrogen Cyanide to the 
fumigation of Ships — The principal objective 
w the killing of rats which succumb far more 
readily than do the majonty of insects and 
“litea The usual dose is 2 oz hydrogen cyamde 
Per 1,0(H> cu ft , nominal concentration for at 
4 hours Hydrogen cyamde is the most 
osed fumigant on ships, having partly displaced 
®blphiir dioxide on the score of efficiency and 
freedom from action on metals, fabrics, etc 
The “ pot ’’ method of fumigation is nearly 
obsolete, liquid hydrogen cyamde is used chiefly 
te this country and Amenca whilst “ ZyJclon 
ft ’’ 13 used principally m Germany Zyklon has 
the ,ad vantage of easy regulation of dosage in 
oninpaetments, sa sdrastsga rrh^e-h jj 
. shared also by “ discs ’’ The chief difficulty m 
ship fumigation is penetration into hidden rat 
holes, pipe casings, propeller tunnels, dead spaces 
hoard^ up round tanks, etc , and other hiding 
Peaces Aeration is not always efficient The 
*otual work is trying on account of the short 
tiioe available and of the cramped design of a 
ship 3 interior The chief purpose of killing the 
rate 18 to prevent the spread of the plague flea 
wJnch they cany Cockroaches, wnich com 
“only abound, are greatly reduced in number 
hy fumigation and a heavy dose is sometimes 
given to the quarters and gall^s for this pur 
pise Occasionally ships are fumigated wnen 
Jsien with cargo, but hydrogen cyanide must not 
fsll upon this (Stock and 5Ionier Williams, 

, Akin and Sherrard,! c , W Heerdt Prakt 
ftteiofekt 1027, 19, 85, '‘Sfemorandum on 
th^ Fumigation of Ships, ’ H M Stationery 
Ofiflec, 1928, Ridlow, US Publ Health Rep, 
1951, 46, No 28. 1623, Williams, i6Ki 1931, 
46 No 29. 1680, and No 18 1031 , Symes 
®rid Roberts, Rep 5Ied Res Lab Kenya, 1934, 
20, Rev App] Entomol 1936, 24, B, 103) 

A comparison of the distribution and penetra 
frin of hydrogen cyanide and sulphur dioxide in 
®hip 3 has been made by Stock, Monier Williams, 
ft«ge, Lubatti and White, Bull mens office 
“tern hyg publ 1933,25,293 
Carbon Dioxide — This has long been used 
fr*l- the fumigation of gram It is probably of 
va)uo as an aid in air tight storage in specially 
•ohnd bms (W W Froggatt, Agric Gaz 
Now South Wales, Sydney, 1921, 82, 472, 
Liverpool Gram Storage and Transit Co , B P 
425920) It 13 now chiefly used m admixture 
other fumigants, at present mainly with 
ethylene oxide, when it serves two purposes, 
vi% the reduction of fire risk of an inflammable 
;fuiQ|gant and the intensification of its toxic 
*ition This last effect has been correlated 
an observation by Hazelhoff (J Econ 
Entomol 1928, 21, 790) of the opening of the 
sptraeles of Periplaneta ameneana in the 
Ptesence of carbon dioxide It has been 
ohterved to exert an ageing effect (Janisch, E , 
Arlb Biol Reichsanst I,and u Forstwirts 1924, 
13, No 2, 173), and is used as a fore gas m 
va^imm fumigation to decrease the adsorption 
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boiling range of about 150-180®C is now 
being used m England for the fumigation of 
empty buildings, chiefly houses infested with 
bed bugs (Asbrnore and McK Hughes, Bnt 
Med J 1937, 1 , 459 , Cameron, J .Path Bact 
1938, 46, 95) The proportion of low boiling 
constituents is governed by the flash point, a 
certain proportion of unsaturated heterocyclic 
compoimds should be present as well as a 
proportion of paraffins, of which the cyclic 
paraffins are the more toxic, and a small 
proportion of cresols 

The following is a short list of papers deahi^ 
with practical methods of fumigation in 
Germany and America and with the suitability 
of different fumigants for various products — 
Back and Cotton, U S Dept Agric 1935, Cire 
P 3638, 369 , Peters. Chem Zentr 1938, 109, 
I, 703, Anz Schadhngskunde, 1938, 14, IIC, 
Gassner, Z hyg Zool Schadhngsbekampf 1937, 
29, 176 Dried fruit Simmons, U S Dept 
Agric Bur Entomol Plant Quarantme, 1935, 
E353, 15, Amer Chem Abs 1936, 30,8418 
Bed bugs Gunderson and Strand, J Econ 
Entomol 1939, 32, 106 Gram and flour 
Shepard, Mmn Agnc Expt Stat Tech Bull 
1937, 120, 3, Amer Chem Abs 1937, 31, 
7185 

A B P P 

FUNGlSTEROL(v Vol IV. 33lc) 

FURAN. [Fuxfuran] 


Furan is a five membered heterocyhc nng 
containing four carbons and one oxygen It 
was first obtained by Rohde and is described 
by Limpricht (Ber 1870, 3, 90) under the name 
of Tetrapkenol Derivatives of furan were 
known as far back as 1780 when Scbeele first 
obtained a furoic acid (pyromucic acid) by 
pyrolysis of roucic acid Furfural, the a 
aldehyde of furan, was discovered by Dobereiner 
(Annalen, 1832,3, 141) 

Furan occurs in the wood oil obtained by the 
distillation of resmous woods such as Pine 
(Atterberg, Ber 1880, 13, 879) It is a consti 
tuent of Finnish oil of turpentine (Aschan, 
Z angew Chem 1907,20,1813) Furanbasbeen 
obtained by heating succmdialdehyde with 
water m a sealed tube at 180° (Harries, Ber 1901, 
34, 1496), by the distillation of calcium succinate 
(Metzner and Vorlander, Ber 1898, 31, 1886), 
by distillation of 2 5 dibydrofuran with pbos 
pUotus pentachlonde (Heoninger, Ann Ctum 
Phys 1886, [vi], 7, 220) , by distillation of the 
banum salt of pyromucic acid with soda bme 
(Limpricht, Annalen, 1873, 165, 281), ap 
parently by passing acetylene and steam over 
alumimum oxide at 40(M23°, and together | 
with other products by passmg acetaldehyde or; 
paraldehyde over heated Al,0, (Tsdutschi 
babin, Chem Zentr 1916,1,920) 

Furan is obtamed in moderate yield when' 
furfural vapours are passed through soda bme 
at 350® (Hurd and Osborne, J Amer Chem 
Soc 1932. 64, 2532) 

Reparation — Furan has been prepared by 


heating pyromuac acid (furan 2 carboxyhc acid, 
a fuiotc acid) in a sealed tube for 2 hours at 200* 
276® (Freundler, Compt rend 1897, 124, 1167) 

An improved method of preparation is given 
in “ Organic Syntheses ” Collective Vol I,p 2C9, 
the furan 2 carboxyhc acid is distilled from 
round bottom flask which is fitted with an 
upright tube 2 5 cm. m diam and 15 cm long 
provided with a side arm of the same diameter 
about 2 cm irom the top The side arm extends 
into the bottom of an efficient 25 cm soda hms 
tower immersed in water at 40° to prevent 
condensation of furan From the top of the 
tower an outlet tube 6 cm m diam is extended 
to the top of an upright water condenser, to 
the lower end of which is attached a receiving 
flask surrounded by ice and salt The top of 
the upright tube m the reaction flask is closed 
by a cork stopper holding a glass rod for pushing 
back any sublimed acid into the flask The 
acid 13 heated to its boilmg pomt, 200-205°, 
when furan and COj are evolved The furan 
IS redistilled, b p 31-34°/745 mm , yield 78% 

The above method has the disadvantage that 
It IS necessary to push back aubhmed a furoic 
acid IQ order to avoid cloggmg and to obtain 
a more complete conversion of the acid into 
furan H Gilman and M Lousuuan (Bee 
trav chim 1933, 52, 166) have found that the 
decarboxylation of o futoic acid may be effected 
with 90% yield if crude tar bases are used as 
solvent with small quantities of CuSO^ or CuO 
as catalyst 

A further improvement has been made b} 
£ Wagner and J Simons (J Chem Educ 1036, 
13, 265) using CuO as catalyst but substituting 
quinoline for the crude tar bases The CuO is 
^uced to Cu end can be used repeatedly with 
the same quinebne without loss of efficiency 

Constitution — A satisfactory formula should 
take into account 

(1) The tendency of furan to form oxomuro 
compounds (Gilman and Wright, J Amer 
Chem Soc 1930, 52. 3349) 

(2) The super aromatic properties of the fuiyl 
rafficle (see p 399rf), exceeding those of phenyl 
and thienyl (Gilman and Towne.Rec trav chim 
1932. 51, 1054) 

(3) The highly chromophonc properties of 
the nucleus (Stobbe and Eckert, Ber 1905, 38, 
4074) 

(4) Marked tendency for o substitution 

(5) Apparent conjugated system that under 
hes 1 4 addition (Gilman and Wright, te) 

The following formulse have been suggested 


o 
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liy goods of the more toxic fumigant (E. R. 
(McGovran, J. Econ. Entomol. 1932, 25, No. 2, 
271 ; Cotton and Young, Proc. Entomol. Soo. 
[Wash.], 1929, 31, No. 6, 97 ; R. T. Cotton, J. 
Econ. Entomol. 1930, 23, No. 1, 231; Jones, 
ibid. 1935, 28, 475). 

Sulphur Dioxide — This is used mainly for 
the fumigation of ships for the control of rats. 
The toxicity has been determined by Wade 
(Rpt. Med. Off. Local Govt. Bd. 1903-1904 
and 1905-1906 ; Bonjean, Rev. Hyg. 1921, 
43, 250 ; Clark, J. R. N. Med. Service, April, 
1932). It is not highly toxic to insects, but 
is still fairly extensively used to kill bed- 
bugs. Its chief advantages are safety and 
cheapness. It is usually generated in situ by 
burning sulphur in iron pans, or carbon disulphide 
by a patented method. About 10% sulphur 
trioxide is produced by burning sulphur 
(Lubatti, J.S.C.I. 1936, 55, 344T). Its chief 
value is as a warning agent. Sulphur dioxide 
seriously affects many substances, e.g. wool and 
most textiles which are reduced in strength 
and dyed material which is often partly bleached. 
The germination of grain is seriously reduced. 
The baking strength of flour is greatly reduced 
and fresh and dried foods are mostly spoilt. 
All the common metals are attacked. Sulphur 
trioxide is even more destructive. In the 
Clayton process (Pacha, BuU. mens, office intern, 
hyg. publ. 1933, 25, 1358) the sulphur is burnt 
in a special apparatus which is brought along- 
side the ship, air drawn from the holds being 
passed over it and returned by a system of 
pipes and blowers. The nominal dose, pre- 
scribed by different countries for the control 
of rats in ships varies from 40-60 oz. per 
1,000 cu. ft., the time of exposure from 1-8 hours 
(Stock, Bull. mens, office intern, hyg. publ. 1933, 
May session ; Wade, l.c. Williams, U.S. Publ. 
Health Rep. 1934, 48, 89; Stock, Monier- 
WiUiams, Page, Lubatti and White, l.c.). Sul- 
phur dioxide is still extensively used as a 
bactericide. B. anthracis is particularly resis- 
tant to it (Wade, l.c. ; Trembur. Arch. Hyg. 
1905, 52, 265 ; Croner, “ Lehrb'uch der Desin- 
fektion,” 1913 ; Rideal and Rideal, “ Chemical 
Disinfection and Sterilisation,” 1921). 

Ethylene Oxide. — ^This important fumigant 
is stored and transported in steel cylinders as 
a liquid, b.p. 10'5°. It is used in three ways, 
either by being sprayed through a short bifur- 
cated copper tube, the carbon dioxide with 
which it is mixed assisting to expel it from 
the cylinder, or by vaporising it in a suitable 
vaporiser, or by mixing the liquid ■with the 
requisite amount of solid carbon dioxide, the 
resulting slush being used mainly for the fumi- 
gation of grain -with which it is fed automatically 
or by sho-relling into the silo bin or elevator. 

A suitable vaporiser is described by Page and 
Lubatti (J.S.C.I. 1935, 54, 246T). This com- 
prises spray jets and deflectors for spreading the 
liquid over a corrugated heat-exchange surface 
placed in a water bath which is heated by 
immersion heaters. After passing through a 
mist trap, in which the temperature of the gas 
is raised, it is led to the fumigation chamber 
through a thick-walled rubber hose. The 
average lethal dose for most insects is roughly 
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three times that of hydrogen cyanide. Certain 
insects are, however, relatively more susceptible 
to ethylene oxide, e.g. Galandra spp. It is a 
very effective ovicide and is much less toxic 
to man than is hydrogen cyanide, an overdose 
produces nausea and vomiting which generally 
lasts about 8-10 hours. The pure gas is colour- 
less and odourless, but commercial prepara- 
tions, which are generally about 97-98% pure, 
have a characteristic ethereal-aldehydic odour. 
This is not very powerful and is not a reliable 
guide to the concentration after airing. Smart- 
ing or tingling of the eyes is produced by con- 
centrations of 15 mg. per litre or more. Short 
spells of work may be undertaken in concentra- 
tions of 1-2 mg. per htre. According to Fleury 
(Verhandl. deut. Path. Ges. 1930, 10, 4) a 
concentration of 1 mg. per litre is dangerous, 
but 0‘5 mg. per htre can readily be endured for 
1 hour, in Germany houses fumigated ■with 
ethylene oxide must be ventilated for at least 
6 hours and the residual concentration must not 
be more than 0-5 mg. per litre (Reichsgesundheits- 
blatt, 1936, No. 3, 45 ; Chem. and Ind. 1935, 
58, 16). Precautions to be taken when fumi- 
gating with ethylene oxide are described by 
Walker and Greeson (J. Hygiene, 1939, 32, 
409). The inflammability, which is comparable 
■with that of acetylene, has been determined by 
Jones and Kennedy (Ind. Eng. Chem. 1930, 22, 
146) and by Deckert (Zentr. Gewerbehyg. 
UnfaUverhiit, 1931, 18, 28). Complete freedom 
from fire risk necessitates dilution ■with more 
than seven times the amount of carbon dioxide ; 
mixtures containirig only 10% carbon dioxide, 
however, are non-inflammable at the concentra- 
tions obtaining during practical fumigation 
except during a short initial period. Ethylene 
oxide and carbon dioxide have the same mole- 
cular weight and do not separate in the fumiga- 
tion chamber. Two mixtures are in common 
use, the German “ Aelox ” or “ T-Qas ” contain- 
ing 10% carbon dioxide and a mixture kno^wn as 
“ Gartox ” in Germany and as “ Carhoxide ” 
in America containing 90% carbon dioxide. 
This is used chiefly for the fumigation of grain 
(Tesch, Z. hyg. Zool. SchadlingsbekUmpf. 1937, 
29, 244). The distribution of ethylene oxide in 
large spaces has been studied by Pago and 
Lubatti (J.S.C.I. 1933, 52. 309T). They found 
a marked layering near the floor owing to cooling 
of the air by the spray. This was overcome by 
vaporising the liquid by heat and by stirring 
the air. The distribution in barges containing 
dried fruit in boxes has been studied by Bums 
Brown (J.S.C.I. 1937, 56, 116T). With suitable 
stacking even distribution was readily obtained. 
In order to ensure satisfactory- concentrations 
near the hatch covers it was neccssarj- to release 
the gas at several points in close proximity to 
them. 

Suitability of Ethylene Oxide for FumtgaUng 
Various Materials . — The flavour of ham, choco- 
late and cocoa has been stated to have been 
impaired, but reports to the contrary have also 
been made. Probably puritj- of the oxide is 
the determining factor. Some foods, such as 
nutmeats, absorb large quantities of the ga.=, 
as also do watery- foods. It softens lacquer and 
seriously rcduce.s the percentage germination of 
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most seed Some of the oxide absorbed la con 
verted mto glycol or like compounds the physio 
logical action of which may be expected to be 
shght ■(Browimig, “ Toxicity of Indnainal 
Orgamc Solvents,” H M Stationery Office, 1937, 
p 333) Ethylene oxide must be used with 
caution, however, on all viable matter It is 
used more for dried fruit, nuts and gram than 
for other products, although stored apples and 
potatoes are treated with it (Vayssi^re, Compt 
rend Acad Agnc France, 1936, 22, 934), and 
it 13 said to be suitable for meats and dairy pro 
ducts (Austr Food Slanufac 1936, 6, 5} It is 
used in Germany against bed hugs (Hase, Z hyg 
Zool Sch&dhngsbek&mpf, 1937, 29, 65, Teach, 
Z Gesundheitstech u Stadtehyg 1933,25,326), 
and in Germany and the USA for killi ng insects 
as well as rats in ships (Brown, U S Naval Med 
Bull 1934, 32, 294, Schwartz and Deckert, Z 
Desinfekt u Gesundheitsw 1931,23,405) The; 
reagent used for ahsorbmg ethylene oxide, 
whether this he drawn from the air space or 
driven out of fumigated products by aeration 
(Sudendorf and Kroger, Chem Ztg 1931, 55, i 
569), IS a standard solution of hydrochlonc acid 
saturated with sodium chloride (Deckert, Z 
anal Chem 1930, 82, 297), or. better, with 
magnesium chloride (Lubatti, J S C I 1932, 51, 
361T) or magnesium bromide (idem tbtd 
1935,54 424T) Ghlorohydnn is formed and the 
excess acid is titrated, see aUo Kerckcw, Z 
anal Chem 1937,108,249. Deckert Angew 
Chem 1932, 45, 669 General references 
Young and Bushe^ Pub Div Insecticide 
Invest Washington b C Bur Entomol Plant 
Quarantme, April, 1935 , Potter, Ann AppI 
Biol 1937, 24 415, MacBnde, Chem Zentr 
1936, I, 416 , Sh^ard landgren and Thomas, 
hlinnesota Agnc Exp Sta Tech Boll , No ICO, 
1937 

Carbon Disulphide — This is one of the 
oldest fumigants and is still largely used, 
particularly m remote parts, where its ease 
of transport and of apphcation are a great 
advantage It is applied either by sprinkling 
or spraying over the goods to be fumigated, or 
by pounng mto shallow pans placed at the top 
of the chamber Either method is satisfactory 
The chamber must be air tight and the tempera 
ture not below 70®F Better reaultssreohtained 
especially in cold weather, by using a heated 
vaporiser such as that descnbed bv Weigel, 
Young and Swanson (U S Dept Agnc 1927, 
Circular No 7) Carbon disulphide is cheap so 
that a heavy dose may be given up to 10 or 15 lb 
per 1,000 cu ft It is moderately toxic to man. 
and the vapour should be breathed as little as 
possible (Browning, “ Toxicity of Indnstnal 
Solvents,” HM Stationery Office, 1937, 

' In air tight containers filled with gram 
or hke matenal the penetration is said to be 
excellent owing to the displacement upwards of 
the intergranular air by the heavy vapour, 
allowance must be made for absorption on the 
gram 

IflJlafTimafcilUy —Carbon disulphide is highly 
inflammable and has a very low flash point and 
ignition temperature It is never used in 
buildings without the addition of a large pro 
portion of carbon tetrachloride to lessen the 


fire nsk This mixture, however, is a poor 
fumigant and owmg to the different partial 
pressures of the constituents and the different 
densities of their vapours it is prone to change 
in composition and to give non toxic or in 
flammable fractions One prominent feature 
of carbon disulphide is its meffectiveness agamst 
eggs, another is its anaesthetic effect on other 
stages (Hamlm and Reed, J Econ Entomol 
1927, 20, 400, and 1928, 21, 783) It is suited 
to the fumigation of damp or viable produce 
such as see^ or potatoes but cannot be used 
with any fatty material 
Ikterminatton — Carbon disulphide m food 
staffs may be detected by the sensitive reactions 
of Perkins (Fharm J 1924, 113 101 and 131), 
Malowan (Parfumeur, 1930, 4 21), Feigl and 
Weisaenberg (Z anal Chem 1931, 83, 93), and 
Tischler (Ind Eng Chem [Anal ], 1932, 4 
146) It may be determined in alcohohc solo 
tion by distillation or aeration, absorption in 
alcohohc potash which converts it mto the 
xanthate and oxidation to sulphate by bromine 
(Spielmann and Butler Jones, J8CI 1919, 
38, 185T, Huft J Amer Chem Soc 1026, 
48, 81 , Matuszak, Ind Eng Chem [Anal ] 
1032, 4, 98 , Marsh and Cruess, Fruit Products 
and Amer Vinegar Ind 1929, 8 No 6, 31, 
Komar and Maevskaja, J Appl Chem Eussia 
1034, 7, 433, Hig^s and Pollard, JSCI 
1037, 56 122T) Jlixtures with carbon tetra 
cblonde may be analysed by the method of 
Warren (Amer J Pbarm 1923, 05 804) or by 
that of Spausta (Motorenbetneb u Maschinen 
Schmierung, 1030, 7, 7) General references 
M R Osbum, N J Dept Agnc 1930, Cir^ar, 
No 188 (Fresh Fruit), Sanders and Wahl 
Unions AfneaDept Agnc 1027, Bull, No 28 
(Maize), Wenholz, Agnc Gaz New South 
Wales, 1927, 38, 255 and 367 (Maize) . Janeke 
and Lange, Z angew Entomol 1930, 17, No 2, 
386 (Herbanum Plants) , Vichamco, Phihppmo 
Agnc 1932, 20, No 9, 693 (Timber) , Larson, 
J Agnc Res 1924,28 347 (Beans), K Endo, 
Kontyfi, 1957, II, 70, and Rev Appl Entomol 
1037, 25A, 335 (Wheat) 

The Halogenated Hydrocarbons —wr 
bon tetrachlonde, tnchlorethylene and ethylene 
dichlonde are fumigants of some importance 
The order given is that of incrcasmg inflamma 
bility , ethylene dichlonde is barely inflammable, 
rarbon tetrachlonde is a good fire extinguisher 
They require a temperature of 70*F or over to 
bo reaOy effective unless a heated vaporiser is 
used, and their vapours are all much heavier 
than air Carbon tetrachlonde, which n 

commonly used with carbon disulphide may^ 

replaced by tnchlorethylene Ethylene 
cblonde is by far the most toxic It is used to 
some extent, mixed with carbon tetrachlonde 
m the ratio of 3 1 bv volume, for the fumigation 
of grain and of furniture and other goods in 
special chambers some of which are heated. A 
combination with tnchlorethylene is useful 
since a mixture can be selected, the 
vapour pressures of the constituents of which 
are equal There is also the advantage of the 
greater toxicity of tnchlorethylene 
PtnlacMortlhane is a constituent of a spray 
com fumigant used in the disinfection and 
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disinfestatioii of rolling stock (L. F. Hovte, Ind. 
Eng. Cheiii, 192S, 20, 460 and 931; J. E. 
Thomas, J. Connc. ScL IntL Ees. Anstraha, 1929, 
2, 12-3). These compounds do not mnch reduce 
the percentage germination of grain (A Muller, 
Chem.-Ztg. 1927, 51, 510). If pure they have 
little action on metals (Forman^ Chem. Zentr. 
1930, 101, n, 876). They are definitely poisonous 
(Bromning, “Toxicity of Industrial Organic 
Solvents,” HAT. Stationery OSce, 1937, 136). 

Trichlorelhy’.ene is used as a seed disinfestant 
(Bouhelier and Fouw, Eev. Path. vfe. 1938, 
25, 5). 

Experiments have been c-onducted by a feTr 
•srorkersonmrf^aZZul cUoride, CHjxCMe'CHjCI 
(Briejer, Xature, I93S, 141, 1099; “Methallyl 
Chloride as a Fumigant against Insects in- 
festing Stored Products,” M. V. de Bataafeche 
Petroreum Maatschappij). 

Jddhyl Brorride. has been videly tested and 
found to be very efiective, but its use on a large 
scale so far has been restricted owing to its 
toxicity to man. TThile there is no doubt- that 
this is high it need not prove an insuperable 
drawback. The evidence at present is some- 
what conSicting piackie, J. Econ. EntomoL 
193S, 31, 70 ; Fisfce and Shepard, i5id, 1938, 
31. 79 ; Munro, Eep. Entomol. Soc. Ont. 1938, 
68. 72). Methyl bromide is non-inflammable 
and h as been used to reduce fire risk of ethylene 
oxide (Le Gonpil, Eev. Path, v%. 1932, 19, 
169). 

para-Bi'chforoerrene is used as a fumigant 
against clothes moth (Suter, Swiss P. 201^), 
against wood-boring beetles and against potato 
weevils, Cyda-t formiearius {TJE. Dept. Agri., 
Leaflet Xo. 121). For use against- wood-boring 
beetles the p-dichlorbenzene is dissolved, some- 
times in o-dicHorbenzene, and sprayed or 
applied to the woodwork with a brush, after 
which the holes should preferably be fifled with 
bees-wax or covered with pasted paper. 

o-Dichlorbenzene was used fairly extensively 
for bed-hug fumigation in houses. This practice 
is now deprecated by the Ministry of Health 
which has advised local authorities against it 
pending further investigations on its toxicity 
to man. It appears to have a cumulative toxic 
efiect at low concentrations and long periods of 
exposure; houses fumigated with it could nor 
be aired snSdently rapidly (Cameron and 
Thomas, J. Path. Bact. 1937, 44, 281). 

Crdaropierin is a fumigant with a fairly high 
toxicity. Its use is limit ed by its corrosive 
action on metals, its destruction of yeast 
activity, its bleaching of flour, and other dis- 
advantages (Chapman and Johnson, J. Agric. 
Ees. 1925, 31, 745). It is a powerful lachiy- 
mator, is poisonous and its eSects are probably 
cumulative, some persons being peculiarly sensi- 
tive. It is quite widely used, although not in 
this country. It is applied by spraying under 
pressure, as in the machinery piping system 
for flour millg described by Dean, Cotton and 
Wagner (UB. Dept. Agric. 1936, Circular 2\o. 
390). It is also sprinkM over goods or ladled 
into nulling or other machinery. It is also used 
in chambers equipped with vaporising, gas 
circulating and heating devices. It is very 
slightlv soluble m water bv which it is not 


lEHOUSES AND SHIPS. 

hydrolysed. Its vapour is stated not to be 
strongly absorbed by fibrous materials although 
it is readily held by active charcoal (Herbst, 
Biochem. Z. 1921, 115, 204). It is said to have 
an irritant action at a concentration of 0-02 mg. 
per litre ( K i s s, Z. ges. Schiess- u. SprengstoSw. 
1930, 25, 260 and 300). According to Deckert 
(Z. Hyg. Infekrionskrankh. 1929, 109, 485) this 
physiological detection is more sensitive than 
any of the chemical tests. The principal 
chemical tests are those of Xekrassov (Y oina i 
Tecnica, 1926, 275, 32) in which a yellow 
precipitate is formed by passing the gas through 
an alcoholic solntion of the potassium salt of 
dithioethylene glycol ; and of Deckert (Z. anal. 
Chem. 1938, 113, 183) in which dimethylanfline 
paper changes fimm white to yellow or maroon 
in presence of the gas. The first reaction may 
be used for determination since potassium 
chloride is formed quantitatively. The lachry- 
matory property of chloropicrin should be a 
safeguard in its use. The limit of supportabili^ 
is said to be 0-05 mg. per litre whilst the lethM 
exposure time at a concentratioii of 1-0 mg. pet 
Ktre is said to be 20 minutes (Prentiss, 
“ Chemicals in War,” Kew York, 1937). 
General references. — Grain: Hamkawa and 
Kumashiro, Ber. Ohara Inst. 1934, 6, 407 ; 
Bertrand, Chim. et Ind. 1937, 37, 419. Eice: 
Kono, J. Plant Prot. 1937, 24, 520. Bed-bup : 
Gonnelle and Eoul, Eev. Service Sant. Miiit. 
1937, 106, SSI. Tobacco: Skalov, Tobacco 
Ind. 1934, No. 1, 20. Eats: KedaUu, BuU. 
mens. oSce intern, hyg. pnbl. 1930, 22, 763; 
Johnson, Sanit. Products, Sect. Soap, 1935, 
11, 105, 107, 109. Bacteria: Violle, Compt 
rend. 1926, 182, 290. EHmination after fumi- 
gation: JeSmenko, Chem. Zentr. 1937, 103, n, 
2035. Bibliography : Eoark and Bus^y, U.S. 
Dept. Agric. Bur. EntomoL Plant Quarantine, 
1935, E-351 ; Expt. Sta. Kec. 1935, 73, 647). 

Other Fumigants, — Ethyl and meihyl for- 
mates are used, chiefly in the fumigation of 
packed goods, e.g. dried fruits (Co-operated 
Dried Fruits Sales Pty. Ltd., Chem. Zentr. 
1936, 107, L 1935). When these are used on a 
larger scie, e-g. in milling ma chin ery, a large 
proportion of carbon dioxide is added to reduce 
inflammability. 

Phosphine, generated by the action of moisture 
from the air on aluminium or calcium phosphide 
coatained in packets, is used in Germaiiy, 
chieflv for the fumigation of bulked grain. 
The packets are buried in the grain which is 
exposed to a low concentration for a long period 
(Maver, Z. Gesundheitstech. Stadtehyg. 1934, 
26, 377; Freyberg, Chem. Zentr. 1937, 103, H, 
125). The ^isonous nature of the gas is 
stressed by Flnrv (Anz. Schadlingskunde, 1937, 

13,26). ' , . . „ . 

Bvdrogcn Sulphide is used principally in 
Eussia, anainst* rats (Krylova, Bulk Plant 
Protection, D-SBJ^. i93o, 6, Ser. 3, 68 ; nm er. 
Chem. Abs. 1937, 31, 2342) ; as a seed disinfec- 
tant (Tzoroff, Bull. Plant Protection, Leningrad, 
1935, 6, Ser. 3, 48; Eev. App. Myc. 1936, 15. 
669); for grain and vegetables (Edelman. 
Lenin Acad. Agric. Sd. 1936, 422 ; Bcv. .-Ipplied 
Entomol. 1937, 25.4, loS). 

A fraction of heavy ccal ter T.ap\lha with a 
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boiling range of about 16(>-180®C is now 
being used in England for the fumigation of 
empty buildings, chiefly houses infested with 
bed bugs (Ashmore and McK Hughes, Bnt 
Med J 1937, i, 459, Cameron, J -Path Bact 
1938, 46, 95) The proportion of low boilu^ 
constituents is governed by the flash point, a 
certain proportion of unsaturated heterocychc 
compounds should be present as well aa a 
proportion of paraffins, of which the cyclic 
paraffins are the more toxic, and a small 
proportion of cresols 

The foUowmg is a short list of papers dealing 
with practical methods of fumigation in 
Germany and America and with the snitahility 
of different fumigants for various products — 
Back and Cotton, U S Dept Agrio 1935, Girc 
P 3638, 369 , Peters, Chem Zentr 1938, 109, 
I, 703, Anz Schkdhngakunde, 1938, 14. 116, 
Gassner, Z hyg Zool Sch&dhngsbekampf 1937, 
29, 176 Dried Irmt Simmons, U S Dept 
Agric Bur Entomol Plant Quarantine, 1935, 
E353. 16. Amer Chem Ahs 1936,30,8418 
Bed bugs Gunderson and Strand, J Econ 
Entomol 1939, 32 106 Gram and flour 
Shepard, Minn Agnc Expt Stat Tech Bull 
1937, 120, 3, Amer Chem Abs 1937, 31. 
7185 
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FUNGISTEROL(v Vol IV, 331c) 
FURAN [Furfuran] 

^CH— CHjS 

a HC O 6 h<i 

Fursn is a Are membered heterocyhc nng 
containing four carbons and one oxygen It 
was first obtained by Rohde and is described 
by Limpricht (Ber 1870, 3 90) under the name , 
of Tetraphenol Derivatives of furan were 
known as far back as 1780 when Scheele first 
obtained a furoic acid (pyromucic acid) by 
pyrolysis of mucic acid Furfural, the a 
aldehyde of furan, was discovered by Itobereiner 
(Annalen, 1832, 3. 141) 

Furan occurs in the wood oil obtained by the 
distillation of resmous woods such as Pine 
(Atterberg, Ber 1880, 13, 879) It is a const! 
tuent of Fumish oil of turpentme (Aschan, 
Z angew Chem 1907,20,1813) Furan has been 
obtained by heating succmdialdebyde with 
water m a sealed tube at 180° (Harries, Ber 1901, 
34, 1496) , by the distillation of calcium succinate 
(Metzner and \orIander, Ber 1898, 31, 1886), 
by distillation of 2 5 dibydrofuran with pbos 
phorus pcntachlonde (Henmnger, Ann Chim 
Phys 1886, [vi], 7, 220) , by ^tillation of the 
’ anum salt of pyromucic acid with soda lime 
' ht, Annalen, 1873, 165, 281), ap 
t>arently by passing acetylene and steam over 
aluminium oxide at 400-^25°, and together 
with other products by passing acetaldehyde or 
paraldeh>de over heated AljOj (Tschitschi 
babm, Chem Zentr 1916, 1, 920) 

furan is obtamed in moderate yield when 
furfural vapours are passed through soda lime 
at 350“ (Hurd and Osborne, J Amer Chem 
Soc 1932,64,2532) 

Prtparatxon — ^Furnn has been prepared Igr 


beating pyromucic acid (furan 2 carboxyhc acid, 
a furoic acid) m a sealed tube for 2 hours at 200' 
275“ (Preundler, Compt rend 1897, 124, 1167) 

An improved method of preparation is given 
in* Organic Syntheses "Collective Vol I,p 269, 
the furan 2 carboxylic acid is distilled from 
round bottom flask which is fitted with an 
upright tube 2 6 cm m diam and 15 cm long 
provided with a side arm of the same diameter 
about 2 cm from the top The side arm extends 
into the bottom of an efficient 25 cm soda hme 
tower immersed in water at 40® to prevent 
condensation of furan From the top of the 
tower an outlet tube 6 cm m diam is extended 
to the top of an upright water condenser, to 
the lower end of which is attached a receiving 
flask surrounded by ice and salt The top o£ 
the upright tube m the reaction flask is closed 
by a cork stopper holdmg a glass rod for pushing 
back any subhmed acid mto the flask The 
acid is heated to its boihng point, 206-205®, 

1 when foian and COj are evolved The furan 
IS redistilled, b p 31-34“/746 mm , yield 78% 

The above method has the disadvantage that 
it IS necessary to posh back subhmed a furoic 
acid m order to avoid cloggmg and to obtain 
a more complete conversion of the acid into 
furan H Gilman and M Bouaiman (Rec 
trav chim 1933, 62, 156) have found that the 
decarboxylation of o furoic acid may be effected 
with 90% yield if crude tar bases are used as 
solvent with small quantities of CUSO4 or CuO 
as catalyst 

A farther improvement has been made by 
E Wagner and J Simons (J Chem Eduo 1936, 
13, 265) using CuO as catalyst hut substitu^Qg 
quinolijie for the crude tar bases The CuO is 
i^uced to Cu and can be used repeatedly with 
the same quinoline without loss of efficiency 

Cotuttluhon — A satisfactory formula should 
take into account 

(1) The tendency of furan to form oxomum 
compounds (Gilman and Wnght, J Amer 
Chem Soc 1930, 52. 3349) 

(2) The super aromatic properties of the furyl 
ra^cle (see p 399d), eiceedi^ those of phenyl 
and thienyl (Gilman and Towne, Rec trav chim 
1932, 61, 1054) 

(3) The highly ebromophone properties of 
the nucleus (Stobbe and Eckert, Ber 1905, 38, 
4074) 

(4) Marked tendency for a substitution 

(6) Apparent conjugated system that under 
bea 1 4 addition (Gilman and Wnght, Ic) 

The following formul® have been suggested 



I II III IV 


g U-q 

V VI 
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I is the form ia general ose to-day and -wzs 
snggested by Baeyer and Ermnetling'(Ber. 1870, 
3, 517 ; ilarchTraid, ibid. ISSS, 21, 1401). 

Since the distribntion of the fourth valency 
of each C-atom is unknown, formula II (Stein- 
kopf d aL, Annalen, 1921, 424, 61; 1922, 
430, 78), in (Hughes and Johnson, J. Amer. 
Chem. See. 1931, 53, 737) and IV (Baeyer, 
Ber. 1877, 10, 135S) have been suggested bv 
analogy vdth benzene. 

Y has been snasested bv Gflman and Dickev 
(Icrra State CoIL J. Sci. 1932, 6, 3S1), and VI is 
a modification of the Kefcule revised formula 
for benzene, 6 being the active form. 

Gilman, Burtner and R. Vandenral (Eec. 
trav. chim. 1933, 52, 151) have demonstrated 
the equivalence of the tvo c and also of the tvro 
^ positions ; thus VIS is not no~ feasible. 

Electronic formnlg for the furan ring are 
discussed in a paper by E. Hughes and J. | 
Johnson (?.c,). 

PEYSiciL Peopehtus. — F uran is a colourless ! 
liquid trhieh may be solidified fay rapid evapora- j 
tion (Limpricht, f.c.), b.p. 31-4^31-67756 mm.; 
(Henninger, l.c.), d~ 0-9626; 0-93S, 

1-4214 (Landiieu, Baylocq, Johnson, Bulk Soc. 
chim. 1929, [v^. 45, 36). 

Heat of vaporisation 95-50 s.-cals. at 31-2' 
(3Iathe-;ts and Fehlandt, ibid. 1931, 53, 3212). 

Specific heat Cp (molal) of furan is given bv 
14-23414-7-183 x 10-®/-l-071 x (Jermin^ 
and Bider, J. Physical Chem. 1934, 38, 747). 

Furan is insolnble in vrater, easily soluble in 
alcohol and ether, the vapour is gnantitatively 
absorbed by 82-5% H,S and tbfa method may 
be used for the separaliou from ethylene but not 
fiom other unsaturated hydrocarbons (Hurd 
and Goldsbv, J. Amer. Chem. Soc. 1932, 54, 
2558). 

Furan and simple derivatives eshifait no selec- 
tive alsorption in the visible or ultra-violet 
r^ons (to 2200 a). HolecuIarabsoiptioncoeS- 
cients are, hotrever, consistently higher for c- 
than for ^-derivatives and give a means of 
distinction (Hughes and Johnson, l.c.). 

Ceehical Peopsexees. — Furan decomposes 
at- 670-740* in a quartz tube ivithont a catalyst 
as coutrasted vrith a temperature of 360" nrhen 
heated in the presence of a nickel catalyst. The 
products at 670* are CO 75%, saturate hydro- 
carbons and hydrogen 12 *^ 0 , unsaturated hydro- 
carbons 13% (acetylenes ; CjH. ; CjKj, allene, 
cudqpropene and butadiene) (Hurd and Goldsbv, 
/.c.). 

Furan and certain of its derivatives resinifr 
vrith mineral adds, thus rendering nuclear sub- 
stitutiou diScuIt (Limpricht, Ber. 1870, 3, 90) ; 
but many negatively substituted furan deriva- 
tives are stable tovrards adds (indudrng halogen 
adds), Gilmau and Voung (Eec. trav. chim. 
1932, 51, 761). 

iletallic sodium and alkalfg do not attack 
furan and it combines neither vrith bisulphite 
nor hydrorylamine. 

Bediidior .. — Reduction ivith hydrogen in the 
presence of nickel at 170" gives tetrahydrofdran, 
b.p. 64-6-57760 mm. together viii n-butyl 
alcohol and other products (Bourguignon, 
Chem. Zentr. 190S, I, 1630). 


Catalytic reduction using PdO gives 93-6% 
tetrahydrofuran (Starr and Hison, Organic 
Syntheses, 1936, 16, 17—80). 2:5-Dihydrofuran 
is known but has not been prepared by hydro- 
genation. 

Oxidation . — Peracetic acid mainly poly- 
merises furan but one of the products obtained 
in small yield forms a hydrazone. 

Perbenzoic acid in chloroform gives a benzoate 
of l:2-dihydro^-l:2-dihydroftiran, m.p. 98-100° 
(Boeseken, Vermji, Bunge and van Meenwen, 
Eec. trav, chim. 1931, 50, 1023). 

Vanandium pentoside at 250-410° with air 
or oxygen yields 65% maleic acid (X. ililas 
and VT. TValsh, J. Amer. Chem. Soc. 1935, 57, 
1389). 

The Liebermann-Burchard reaction applies also 
to furan and many of its derivatives : 1-2 drops of 
solution or 10-20 mg. of solid dissolved in 2 c.c. 
chloroform, 10 drops of (CHjCOljO and 1-3 
drops of cone. HjSO^ added (Levine and 
Eichman, Proc. Soc- Exp. Biol. Med. 1934, 
31, 582). The pine splinter reaction (pine chip 
moistened with HCVj used for the pyrrole ring 
is also applicable to furan and most of its couu 
pounds. The monosubstitnted fur an s give a 
green colour, but the high melting furans give 
a red colour similar to that given by pyrrole 
compounds. The Ehrlich test for the pyrrole ring 
(6-dimethylammobenzaIdehyde) is also given 
by the h%h melting furaus (Eeichstein, Helv. 
Chim. Acta, 1932, 15, 1110). 

Kilration. — 'Ey treatment of furan with 
fuming nitric acid in acetic anhydride, 5-nitro- 
2-acetoxy-2:5-dihydrofutan is obtain^ (Mar- 
quis, Compt. rend. 1902, 134, 776; Johnson, 
J. Amer. Chem. Soc. , 1931, 53, 1142). The 
nitro group markedly increases the stability of 
furan (Gilman and Wright, ibid. 1930, 52, 2550). 

Sulpbonafion . — Furan has not yet been sul- 
Iphonsted but 2-faransuIpbonic acid and its 
derivatives have been prepared by indirect 
methods. 

Ice-cold furan in chloroform treated with ozone 
diluted trith CO, gives a resin on evapora- 
tion which on treatment with water leaves 
a maroon-coloured compound of formula 
Ci-HijOjo, soluble in cold 10% NaOH and 
glacial acetic acid, and gives the characteristic 
reaction with a pine spSnter. The ozonide of 
furan is so unstable (decomposition above 0°) 
that it could not be isolated (JL Freri, Gazzetta, 
1933, 63, 281). 

Gilman and Brener have succeeded in obtain- 
ing naetalh'c derivatives of furan, e.g. 2-fniyl- 
sodium (J. Amer. Chem. Soc. 1934, 56, 1123). 

The Friedel-Crafts reaction has been frequently 
applied in furan chemistry for nuclear substitu- 
tion (Gilman and Calloway, ibid. 1933, 55, 4197 ; 
McCorMe, Gilman and C^oway, ibid. 1934, 56, 
745). ■ 

Eucan reacts with dry HCN and HCI 
(Gatterman reaction) except when both g- 
poritions are occupied or when the — CO OR or 
phenviene groups replace H in the ring (T. 
Eeichstein, Helv. CMm. Acta, 1930, 13, 349, 
1930). 

Aromatic Properties. — Super-aromatic pro- 
perties are ascribed to a compound when it 
undergoes a typical aromatic reaction more 
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readily than the parent unsubstituted com 
pound Like thiophen, furan, and especi^y the 
a substituted furans, possess super aromatio 
properties The jS substituted furans are less 
aromatic but appear to exceed the benzene types 
^hich they otherwise resemble closely The 
results show that 2 furyl, 2 thienyl and phenyl 
are decreasingly aromatic (Gilman and Tovme 
Rec trar cbim 1932, 51, 1054, Gilman and 
Calloway, J Amer Chem Soe 1033,55, 4197, 
Gilman and Young, ib%d 1934, 5G, 464) 

Orientation — (1) Direct nuclear sultotitution 
of furan gives an a mono substituted fuian and 
no p substituted isomer is formed 

(2) Direct nuclear substitution of an a 
substituted furan gives an aa' disubatituted 
furan, apparently to the exclusion of any iso 
meric disubatituted furan 

(3) Direct nuclear substitution of an aa' 
disubstituted furan yields generally but one 
aa'P tnsubstituted furan If in an aa' disub 
stituted furan one of the substituents is an 
0 p director in benxene and the other a tn 
director the entering element or group is directed 
to that p position contiguous to the o p director 
(Gilman, Calloway and Smith, tbid 1934. 56, 
220 ) 

(4) Directnuclearsuhstitutionof^ substituted 
furans, now available by indirect methods, in 
volvea the replacement of an a hydrogen iHbe 
p group » an 0 p director m the benzene eenes 
the entcrmg group goes to the contiguous a C 
atom, if a m director to the more remote or 
oppoBito a C atom (Gilman and Burtner, tbtd 
1933, 56. 2903) 

iSee aUo Gilman and Wright, Chem Review, 
1932, 11, 323, Gilman et al, ‘‘Orientation m 
the I uran Nucleus,” J Amer Chem Soc 1032, 
onwards 

Demvaxives —Nomenclature 


HC— CH HC— C— 

hLoL hIoL 

a Furyl or Furyl 2 p Turyl or Fury! 8 

HC — CH HC— CH 

H'iotcH,— hS:oI:ch<^ 

Furfuryl Furfuryllden 

HC— CH HC— CH 

hi!o!:c^ Hcotco 

Furfureoyl Furfuroyl (Pyromucyl) 

The following are a few of the more important 
compounds 

Furfural (j v ) 

Sylvan or 2 methylfuran is obtained irom the 
’fdistiUation of wood oils, bp 65“/769 mtn 
(Harries, Ber 1808, 31, 37) j 

Ethylfaran^ bp 91 3® (Paul, Bull Soc chun I 
1935, (v], 2, 2220) 

Furfuryl alcohol, liquid with a characteristic 
odour.bp 6S-O9*/i0mm ,b p 170-171®/768mm 
(Erdmann, Ber 1003, 85, 1855) Furfuryl 
alcohol IS used in the manufacture of resms and 
textile dyes 


FURFURAL (furfurol, furfuraldehyde, 2 
furaldehyde, pyromucic aldehyde), 

/On 

CH CCHO 

II II 

CH— CH 

u formed in small yield in a wide vanety of 
organic decompositions, such as the distillation 
of oak timber, the fermentation of carbohydrates, 
and from sugar by the action of sulphuric acid 
and manganese dioxide (Doberemer, 1830), but 
the only practical method of preparation is the 
dehydration of pentoses (or •pentosans, which 
give pentoses on hydrolysis) by boding with 
dilate HCl or HgSO^ (Pervier and Gortner, 
Ind Eng Chem 1923, 16, 1167, 1255) The 
furfural distils off in steam The reaction pro 
ceeda thus 


■oh CH- 

t in 

\ 


OH| 


\o H 


y tH CCHO 

(ToUens and Stone, Annalen, 1888, 249, 227) 
Pentosans are present in all naturally occurring 
cellulosio materials such as wood, straw, bran 
and gram hulb Oat hulls are a very fruitful 
source, contammg 32-30% of pentosans, and 
Qua’ 


have been utihsed by the Quaker Oats Co , Ltd , 
for the large scale preparation of furfural. 
aeeUiner and Brownlee, USP 1735084 The 
hulls, moistened with 5% sulphuric acid, mb 
hydrolysed at 160® by a current of steam at 60 lb 
pressure in rotary steel autoclaves The fur 
fuial IS recovered by fractionation For high 
yields, a small water-hull ratio is essential, the 
best yield (10% on the weight of the hulls) 
being obtained when the ratio is 0 27 (Brownlee, 
Ind Eng Chem 1927, 19, 422) 

Pure furfural is a colourless liquid miscible 
with m(Ht organic solvents except petroleum 
hydrocarbons and glycerol Mams (Chem 
Met Eng 1921, 26, 779, 841) gives bp 
161 7*/760 mm, fp -30 5®, dj® 1 1698, dj’ 

1 1645 

20* SO* 00* 

*/« */» 4 

Solubihty of furfural in water 8 3 8 8 16 6 
Solubihty of water in furfural 4 8 6 8 13 6 
hlaius also gives densities, bodmg points and dis 
tiOation composition of various water-furfural 
mixtures Evans and Aylesworth (Ind Eng 
Chem 102C, 18, 24) give 1 62603, b p 
161 T’/760 mm They also give the vapour* 
pressure curve from 40-170®, » e 8 to 060 mm 
Berthelot and Rivab (Compt rend 1895, 120, 
1036) give the heat of formation as 49 7 kg -cal , 
The flash point 65-57®. Matheas (J Amer 
Chem Soc 1020, 48, 662) gives the heat of 
vaporisation as 107 51 g 'Cal 
For the detection of furfural ToUens reagent 
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(orcinol in HCl) is most sensitiTe, giving a red 
colonr sTitii 1 part in 600,000 (Jnstm-Sneller, 
J. Piamu CHm. 1921, [vig, 24, 334). The nse 
of aniline (Tolman and Trescot, J". .Ainer. Chem. 
Soc. 1906, 28, 1629) or srlidene (Stuninoknra 
and Xakahara, 1929, A, 86) in place of the 
orcinol are recommended. The test -vrith orcinol 
has been extended to a coloiimetiic method of 
estimation bv Fleurr and Poirot (J. Pharm. 
Chim- 1922, 26, 87). 

Three methods of estimation are in nse : 

(1) P.eaction •Frith hydroxylamine hydro- 
chloride and titration of the HCl liberated by 
the formation of the oxime (XoII, Bolz and Bel^ 
Papie^Pabr. 1930, 28, ii, 568). 

(2) Precipitation ■Frith phloroglncinol in HCl 
(Krober ef cl., Z. angetr. Cbem. 1902, 15, 477). 

(3) Per^er and Gortner have revietred all 
previons methods and devised a method of 
electrometric titration trith potassinm bromate 
(Lad. Eng. Chem. 1923, 15, 1167, 1255). For 
the occnnence and estimation of furfnial in 
foodstnfe, see papers by Lampitt el al. in the 
Analyst, 1927-31. 

Althongh fnrfnral has only been a commercial 
prodnct since 1923, it and its numerous deri-va- 
tives have foamd "Fride application in industry 
and offer promise of consideTahly increased nse- 
fialness. As a sdedive eolvent it is used in the 
purification of lubricating oils (Bryant, ilanley 
and llcCarty, Oil and Gas J. 1935, 33, 50) and 
of pine resin (Kaiser and Hancock, Ind. Eng. 
Chem. 1930, 22, 446), and in the extraction of 
impurities from oils and fats (Tischer, U.S.P. 
2090738). Among numerous m i n or uses as a 
eoiceni may be mentioned its use in the grinding 
Fvbeel indostry, -u-hen it is used as a solvent for 
the binder (Brock, U-ST*. 1537454), for ceUoIose 
nitrate (Trickey, Ind. Eng. Chem. 1927, 19, 
643) and in the shoe dyeing industry, rrhere its 
great penetrating porrer and relatively non-toxic 
character make it an ideal solvent (Miner, U.S.P. 
1760076). A recent patent suggests its nse in 
the manufacture of crease-resisrinz cloth (B.P. 
445243). 

It has found use as a vxiiir.c agent to prevent 
eSorescence on silica films and bubbles on 
electrotype plates. 

It is important in the manufacture of gynlheiic 
resing. It combines readily Fritb phenols to give 
potential resins, ■which when heated under 
pressure ■Frith an accelerator give excellent 
monldings (Xovotny, U.S.P. 1398146 ; Peters, 
Ind. Eng. Cbem. 1936, 28, 755). 

S iTnilflr condensations occur ■sritb amides 
(Cherry and Knrath, U.S.P. 1S00S15 ; Moss and 
ivhite, U.S.P. 1902255), ketones (idem, U.S.P. 
1902256) and other groups. It forms an im- 
portant condensation prodnct -with h'gnin 
(P hilli p-;, UBT*. 1750903). Some furfural resins 
are easily photosensitised and find application 
in h'thography and etching of metals (Beebe, 
Murray and Herlinger, UB.P. 1537269). 

Furftiral offers promise as a fangicids, baderi- 
cide and herbicide. Athlete’s foot and swimmer's 
itch, both fungus diseases, yield to treatment 
Frith it, and it is also useful to destroy orsranisms 
that attack grain (P.eddy, Phytopsth. 1930, 20, 
147). An emuLion of kerosene (89), furfur- 
aldehyde (10) and crude petroleum (1) is em- 
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j ployed trith success in the destruction of annual 
twe^ especially dandelions (Meihus, U-SH. 
1 2007433). It is a preservative for glue and 
starch and for biologicai preparations. It has 
^o been suggested for use as a fly repellant and 
in synthetic perfumes. 

A recent patent claims that it is fatal to rats 
bnt harmless to all domestic animals except 
rabbits (de Wiczwinszky, F.P. 695394). 

Mercury hydrofuramide has been used in the 
treatment of fungus diseases in wheat. 

In its chemi^ properties furfural closely 
resembles henzaldehyde, giving furoin Frith 
KCN (Fischer, Annden, 1882, '"211, 214) and 
a green dyestuff ■with dimethylanfline (Rensha^w 
and Xaylor, J. Amer. Chem. Soc. 1922, 44, 862). 
It gives a -urethane, m.p. 169% end a semi- 
carbazone, m.p. 202-203'. It is somewhat less 
sensitive to atmospheric oxidation than benz- 
aldehyde, bnt more sensitive to light and acids. 

Ammonia reacts in the cold ■vrith furfural to 
yield hydrofuramide, m.p. IIT’’ (C^HjO-CHljN j 
(Schiff, Ber. 1877, 10, 1186). This compound is 
■used as an accelerator and anti-oxidant in the 
manufacture of resins (Xovotnv and Kendall, 
U.SJP. 1705496). 

Nitration of furfural vrith HNO3 d l-S in 
acetic anhydride below —5° gives 5-nitro- 
furfural diaceiate, m.p. 92-5'’, which on hydrolysis 
gi'ves o-nilrofurfural, m.p. 75-76° (Gilman and 
Wright, J. Amer. Chem. Soc. 1930, 52, 2550,4165). 

Furfural undergoes the Cannizzaro reaction 
I vrith sodium hvdroxide to give furfuryl alcohol 
(C^iHjOCHj-OH, b.p. 83724 mm., n^ 1-4869, 
and furoic acid (jiyromueic acid), 
(C^HsO)COOH, 

m-p. 131-132° (Hurd, Garrett and Osborne, 
J. Amer. Chem. Soc. 1933, 55, 1082). Furoic 
acid may also be obtained by the oxidation of 
furfural vrith permanganates, dichromates or 
catalytically. Esters of furoic acid have been 
suggested as plasticisers and solvents. 

Under certain conditions furforaldehyde may 
be oxidised to maleic acid, yields of SO^o being 
claimed in one process (Zumstein, U.S.P. 
I9564S2). This opens up the possibility of the 
commercial use of the Diels- Alder reaction. 

Furfuryl alcohol is also prepared by the 
catalytic reduction of furfural using nickel 
(Padoa and Ponti, Atti. E. Accad. Lincei, 1906, 
15, n, 610), or iron (Pringsheim and Noth, Ber. 
1920, 53 [B], 114). Using pafladium black 
(Weinhaus, ibid. 1920, 53, [B] 1656) or platinum 
black (Ka^maim and Adams, J. Amer. Chetn. 
Soc. 1923, 45, 3029; 1925, 47, 1093) there arc 
obtained furfuryl and tetrahydro furfuryl 
CHt— CH, 



alcohol and various pentane diols. With un- 
activated PtO, the reaction stops at furfuryl 
alcohol (Pierce and Parks, ibid. 1929, 51, 3384}. 

Furfurvl and tetrahvrirofurfuryl alcohols are 
manufactured commerciallv using nickel cat- 
alysts (Peters, U.S.P. 1906873; LC.I., B.P. 
337296) and find application as solvents in 
the resin industry, for textile printing pastes 
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(Durand and Huguenin, FP 769171) and for] 
paint removers (Mams, U S P 1381485, 1483587} 
Furfuryl alcohol with HCIgivesajet blackresin 
used for the tops of laboratory tables (Fawkea 
U8P 1732124) Tetrabydrofurfuryl alcohol 
offers poaaibUities as a wetting agent (Beitsch, 
USP 1967658, H Tr Bohtno A G, BP 
393164, 402295) especially in the mercensation 
of cotton (Soc Chem Ind Basle, B P 431662) 
Furfuryl xanthafe has found commercial apph 
cation as a flotation agent m ore refinmg (Keller, 
U8P 1069269) 

Furfuryl Ethers (Wissell and ToUens, Annalen, 
1893, 272, 303) 

bp d|g 

Methyl 134-136* 1 0316 

Ethyl 148-160* 0 9884 

n Propyl 164-166" 0 9722 

Amyl 196-198* — 

Furfuryl Ealera — The ordinary methods of 
esterification caimot be employed as mineral 
acids resinify the alcohol Resort must be hod 
to the action of acid anhydrides or to SchoUen 
Baumann reactions The following eaters are 
water white oily hquida with pleasant odours 
(Zanetti, Amer Chem J 1926, 47, 636) 

b p (corr ) d*® 

760 mm 1 mm 

Acetate 175-177® 1 1176 

Propionate 195-196* 69-60* 1 1086 

Butyrate 212-213* 69-70* 1 0630 

Valerate 228-229* 82-83* 1 0284 

Benzoate ca 276* — — 

(Wissell and ToUens, I c ) 

FURIL, FUROIN, 

OC4H, CO CO C4H3O 
Furfural behaves like an aromatic aldehyde 
undergoing the acylotn polymerisation m 
presence of potassium cyaiude, 

2OC4H3 CHO-.OC4HJ CH (OH) CO C 4 H ,0 
The scyloin (furoin) can be oxidised to tbo 
diketone (furil) 

For the preparation of furoin, E Fiscber 
(Aiuialen, 1882, 211, 218) boiled 40 parts of 
OivOwsJ., Vi ’fast* vt titAwi 

and 4 parts of potassium cyanide for 30-46 
minutes and crystallised the product from a 
mixture of toluene and alcohol Prisms, m p 
135* It gives a methyl ether (Irvine and 
McNicoU, J C S 1908 93,1010), aetlyldertva 
live, m p 76-77* (Fischer) and two isomenc 
ox%mes, mp 160-161® and 102* respectively 
(A Werner and Detscheff, Bor 1906,88.79, see 
also Macnair, Annalen, 1890, 258, 222), phenyl 
hydrazone, m p 79-81® (Alacnair) Heat of 
imbustion, 1097 7 kg cal 'mol at const vol 
Vrede, Z physikal Chem 1910, 75, 92) 

For the oxidation of furoin to furil, E Fischer 
c. 221) dissolved 1 part of furoin m 12 parts 
r hot alcohol, rapidly cooled the solution and 
rought the fine crystalLno separation into solu 
on with a little caustic soda An equal volume 
f water was added and air drawn through at 0* 
ntil tbo greenish blue colour had given place 
) a dirty brown , precipitation was completed 
7 the addition of water and the funl crystal 
scd from alcohol Yellow needles, m p 162* 
uni is obtained in 63% yield by oxidation of 
irom (improved preparation given) with 


CUSO4 in pyridine (Hartman and Dickey, J 
Amer Cbem Soc 1933,55,1228) 

Funl gives a and p monoximes, m p 106* 
and 97-08* respectively, ajso a and p dioximes, 
mp IGG-ieS® and 188-190® decomp reapec 
lively (Macnair, I c 226) The a dioxime (but 
not the p compound) gi'^es complexes with 
vanous metaUic salts (Tschugaeff, Ber 1903, 
41, 1681) and has been recommended for the 
estimation of nickel (v Vol II, 612c) The 
oxime, as obtained by refluxing furJ with 
hydroxylamine hydrochloride in presence of 
methyl alcohol is sufficiently pure for the pur 
pose, it 18 soluble to the extent of about 2% 
m boiling water and its nickel derivative has 
an approximate solubility of 1 6,000 000 m 
water and is less liable to contammation with 
unchanged dioxime than the corresponding 
henzildioxime salt (Soule, J Amer Chem Soc 
1926,47.982) 

Funl yields a phenylhydrazone, m p 82-83®, 
and phenylosazone, m p 184* (Macnair,^ "h 

FURINE, furfurme, 2 4 6 trifuryl 4 6 di 
hydroimidazole, C,bH„OsNj. is prepared by 
converting furforaldehyde into hydiofuramida 
with aqueous ammoma and effecting the cychss 
tion eitber with boiling dduto caustic potash 
(Bahrmann, J pr Chem 1883 [uj, 27, 313) or 
with bquid ammonia containing potasssmide 
(H H Strain, J Amer ChemISoe 1930,52,1216) 
3C4H,0 CHO+2NH, 

(C*H,0 CH N)»CH CjHgO 

C4H,0 CH-NHv 

[ >C4H,0 

C4H,0 ch-n**^ 

Furme is a mono acid base, m p 117®, soluble 
m orgamo solvents and m hot water, sparingly 
soluble in cold water , it forms an insoluble 
oxalato and a charaotenstic mtrate, m p 94 
(Stram, Ic ), but melting at 182* after crystal 
Lsiug from alcohol ether (Deldpine, Bull Soc 
chim, 1888, [m], 19, 176, gives mp 164) 
lYwort. tnklMMAw.SWifh.andium^ 

and a nilrosamtne, Ci,Hji 04N3 m presence 
of mtrous acid (Schiff, Ber 1878, It, ^260) 
Forme has been proposed as a rubber 
vulcanisation accelerator (J P Trickey and G J 
Leuck, Ind Eng Chem 1926. 18 812), furme 
IS also claimed to have a beneficial effect on the 
ageing properties of vulcanised rubber (B P 
316661), to be an inhibitor of the autoxidation ol 
aldehydes (U S P 1766760) and, adsorbed on 
infuaonal earth, to act as a disinfectant and anti 
septic (U S P 1738740) 

FUROIC ACIDv FOBrtTBAL 
FUROIN V Furil 

FURUNCULIN. A medicmal preparation 
of dried yeast (Zellner and Wolff, Pharm Ztg 
1913,58 1046) 

FURYL ALCOHOL V Furfural 
FUSANOLS Thenames.a andpfusa»ol. 
were given by Sudborough and Rao (J Indian 
Inst Sci 1022. 6. 163) to two sesquiterpene 
alcohols which they claimed to have isolate 
from the wood oil of Euearya sptcata, the so 
called West Austrahan sandalwood ou -the 
more recent mvestigations of Penfold (J Froc. 
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Bgt. S3C. XJS-V. . 1S2S, 62. 50; 193-2, 66, 240), 
hawsTS:.hs.TB storrn tnat these alcohols csznot 
^ve_ fcee:! hoirogeneOTis since the oil contains, 
in zdditicn. to tbs santalols, a primaiy alcohol 
haring a rerr lor- dsnsitr (circa Q-93Sf, — hich is 
acrclio. There wcmld. appear to fee 
no reason for retaining the names c- and jS- 
fhsanol in the lireratnreT 

J. L. S. 

PUSEL OIL (Ger. Fnselol; Fr. Hnile de 
pommes de terre). This sobstance is prodnced 
in comnaratfrely small qnantitfes in the alcoholic 
fermentaticn of raiioiis bodies, e.c-. potatoes, 
tmrt, beetroot and grain. The proportion 
present raries accordins to the orhnnal sub- 
stance. the condition of the ma-h and lie method 
of fermentation. The alcohol obtained from 
potatoes nsnaRy contains the largest proportfon. 
Alhaline litpnds, p<trti(nilariy tthen vann and 
ccntaining la^e cnanthies of srxgar, promote 
its fo rm ation, rhile acid liquids, especially 
rdien containing tartario, racemic or citric acids 
are said to prerent its production. The presence, 
in any cnantrry, of tartar or certain bitters such 
as thar of hops also has an inhibitory effect, so 
that rrines. etc_ are nsnally free from fcsel oiL 

The propoitian present in the alcohol SnaEr 
prodnced also depends cpon the method of 
rectmeatfon, that from pot stills containing 
higher proportions than the prodnct of highly 
rectifring patent stiTs. When the latter are 
nsed, hoTterer, the amormr of Sisel oil obtained 
as a by-prodnct natnraEy tends to increase. 
Thus the derelopment of the commercial prro- 
dnctlon of alcohol of rery high strength has 
resnhed in an increase in the cnanthy of fcsel 
oil refected during rectincation. As an example, 
before 1923 no feel o3 —as produced in the 
PhSpnine Islands. Xo~ 1-5% of the crude 
alcohol prodnced is collected as feel oiL Fusel 
tsil is contained principally in those fractions of 
the alcoholic distillate boihng bensreea 105^ and 
135^. Eetr=-cen 105^ and 120" most of the 
bntyl alcohol is obtained — hilst the amyl 
alcohols distil principally bett^een If*-^ and 1322 
Ac-cording to Forte fPinlippiiie J. ScL 1924, 25, 
4^>5}, if a continnous stifi is used the feel oil 
tends to collect at a point in the column vhete 
the alcoholic concentration is abont 43*50 and 
it may be tapped of. If batch rectincation is 
used the third and fourth fractions, containing 


15-20'5o cf feel on, are coHscted in a separating 
tank and rectiner. i m's has been conSrmed by 
other — orkers although the dfrtribtrtion of the 
on is affected by the conditions of rectincatzon 
and it may essHy be extended to higher fractions. 
ETp and Deplanque {Z. Spidtuskid. 1934, 57, 
S-06) ha— e stndied the formation of fusel oil in 
relation to the generation of alcohol in mashes 
“ ikes and molasses. They found 
in tie iormer alcohol wzs generated I hour 
before any fusel of could be found -srhilst in the 
latter the feel oil formation pirecedsd that of 
the alcohol by 5 hours. EUp (irfd. 219) also 
fouud that hariej- malt and oat malt mashes 
gave a ppro ximately the same feel o3 content. 
Eigher alcohols are said to be rapidly produced 
after fermentation ceases. They, therefore, tend 
to increaee the longer the interval betveen fer- 
mentation and dimiliation. This msv he due 


maae of potato 


to some organism other than yeast becoming 
active after the latter has ceased to -sfork. 
Glimm and Stentzel (Z. ges. Bratriv, 1931, 54, 49, 
57, 65) state that the production, of fusel o3 in 
beer depends on the time and temperature of 
storage, as veil as on the amino-acid content of 
the vort, increasing to a maximTim vith in- 
creased time, after which it remains constant, 
t The elimination offeeloH from the final prrodnct 
: has resulted in an increase in the pnoportion to 
be found in the spent vort, and Luhdex (Z. 
Spirftushid. 1926, 49, 2S6) points out the neces- 
sity for its removal if the residue is to be nsed as 
animal food. 

Ftisil Oil in Poiahle Spirit ^. — The injurious 
' effect of rav or recently manufactured spirits 
has been attributed to the presence of feel o3 
piroduced during the fermeutatiou and not 
thortnighly separated. BeE considered it to 
be diJs rather to furfural and other empyreumatic 
bodies and ibis viev vas supported fay Lauder 
Brunton, vho thougbr that the toxic effect of 
spirit may also be attributed, in some cases, 
to t&s presence of traces of alkaloidal bodies, 
arising from the decomposition of albuminous 
substsnces iu the mash. Schidrovitz also 
found in nev vbisky substances such as pyrrole, 
phenoHc bodies, traces of nitrSes, etc^ vhich 
' disappear as tbe spirit matures (J.S.CJ. 1905, 
24, 555} . The actual adulteration of alcoholic 
I liquors vith feel oE is improbable, but spirits 
’ containing 0-3% are usually deemed to be 
injurious, altbou^ the general tendency of the 
evidence given before the Koval Commission 
oa Wbisky and Potable Spirits vas to shov 
that the harmful effect of spirits is due to the 
ethvi alcohol itself rather than to feel o3 or 
othWsecondary products present. Prior to I8S7 
Beer recommended a maximnm permissible 
limit of the feel o3 in brandy, Equeurs, etc., 
of 0'3% ; but Bodlander and Tranbe {Eep. 
'Anal. Chem. ISS7, 7, 167), vho examined 
a number of commercial spirits, proposed a 
Emit of 0-10-0-15%. Eav brandy,” pro- 
dnced in Stritrerland from potatoes, maize 
and the residues from breveries. bas been found 
to contain 1-32% of feel oE. After filtratiou 
through charcoal it contained 0-2*5o, after rectiS- 
catioa 0-06^o. vh2st after being subjected to 
both processes the product contained none 
(F. Pampe (Chem.-Ztg. 1SS7, 11, 313). Kuma- 
moto (J.^Chem. Soc. Japan, 1932. 50. .30) found 
the composition of sveet-porato feel oH to be 
g0-S°o alcohols, 0-9% adds, 2-4% esters, vith a 
t^^ce of buses and furfuraL The 

alcohols consSt of 77-4% f-amyl alcohoL 12-9% 
isG-amvI alcohoL In Scotch whisky containing 
->4-5%' of alcohoL Dupre (Analyst, 1576. 1, 6) 
foanti 0-19 parts of feel oH in lOO parts by 
vsih&t of alcohoL vhilst Hambeig (Schmidts 
Jahrii- der ITedicin. 1SS4, 201, 27) found about 
0-001% in beer. According to Bird (Iht. Sugar 
J. 1927, 29, 54} De— erara rum contained only a 
trace of feel oE. Bird advanced this as an 
indication of the purity of the prodnct. 

Bii^cii'r-. of Fusd Oil. — When a sample of 
spirit is poured on filter purer or on the hand 
r~n sMowed to evaporute spontuneonsly, th^ 
characteristic odour of feel oE may be reccg- 
cised tOTTurds the close of the evaporation. 
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So amall a proportion as 5^5^ part of amyl 
alcohol in gm may thus be detected On dis 
solving 1 g of caustic potash m 150 ml of tiie 
spirit, concentrating slovrly to 15 mL and adding 
an equal volume of dilute sulphuric amd, a 
powerful odour is given off which is frequently 
sufficiently distinctive to show the nature of the 
mash from which the spirit was obtained SetteUi 
(Ber 1875, 8, 72) adds to the alcohol 6-7 toI 
of Water, and agitates with sufficient chloroform 
to produce a small layer after standmg This 
layer is drawn off and evaporated, and the 
residue tested by digestion with potassium 
acetate and sulphunc acid In the presence of 
fusel oil the characteristic pearhhe odour of 
amyl acetate is observable Another method 
of detection is to dilute 40 ml of the spirit with 
sufficient water to raise the density to about 
0 980 The mi-Tture is agitated with 16 ml of 
chloroform, which after settlement is drawn 
off. shaken with an equal volume of water and 
evaporated The residue is treated with a little 
water, a drop of sulphunc acid and sufficient of 
a strong solution of potassium permanganate to 
ensure that the liquid shall remain red after 
standing for 24 hours m a closed tube The 
odour of valenc aldehyde is frequently noticeable 
shortly after the addition of the permanganate, 1 
hut the charactcnatic smell of valenc acid ' 
on which this very delicate test is based, is : 
not appreciable until after standmg 
Eahmahon —The accurate estimation of fusel 
oil in spint 18 extremely difficult A very rapid 
and simple process introdaced by Traube is 
said to give satisfactory results where great 
accuracy is not required The specific gravity 
of the spint having been determined, simcient 
water is added to reduce the proportion of 
alcohol to 20% The liquor is sucked up and 
allowed to fall a few times m a carefully dned, 
thin sided capillary tube 20 cm long and about 
0 8 mm in diameter, fastened to a graduated 
scale, this termmates at the zero m two points 
which are set to the surface of the liquid by the 
adjusting screws on the stand which holds the 
apparatus in the vessel into which the capiKaiy 
tube dips The height to which the bquid rises 
decreases with a nse in the proportion of fusel 
oil From the observed height of the bquid in 
the capillary tube ^temperature 21®), tbc pec 
centage of fusel oil may be ascertamed from tbe 
following table 


Height In 

In mm 

Fercentagti 

effusel 

oil 

Height la 

In mm 

PereeDlsee 
of fusel 
oU 

63 6 

00 

48 85 

06 

62 7 

01 

48 20 

07 

61 85 

02 

47 45 

08 

61 0 

03 

46 75 

09 

60 3 

04 

46 15 

] 0 

496 

05 




This process is said to be largely affccfed by 
accidental conditions, such as temperature or 
moisture in the tube and by the presence of 
nitrobenzene and various flavouring oils 
Further information on this process is given j 
by Traube (Died Zentr 1900 IB 659. Ber I 
1886,19,892, Chem News, 1886, 53,302, | 


Awal Chem 1886, 6, 659), Stutter and Reit 
inatr(t6t<f 1886,6, 606), andGirardandConiasse 
( ‘L’Analyse des Alcoob,” Masson Pans, 1899,) 
An improved apparatus, which he calls a 
‘ stalagmometer ” was introduced by Traube 
(Ber 1887, 20, 2644) for this estimation The 
liquid, diluted as above to 20%, is filled to a 
I ma^ in a vessel and is allowed to fall drop 
I by drop through a capillary tube at the base of 
I the vessel, the number of drops bemg noted as 
compared with the number of drops of pure 
alcohol of the same strength falling from the 
same apparatus A smaller proportion of fusel 
oil than 0 05% may thus be determmed Tbe 
following table by Girard and Cuniasse (op eiJ ) 
serves to indicate the percentage of fusel oil 
corresponding with the number of drops 
observed 


Nomherof i 
drops 

Percentage 
of fusel 

Dll i 

Number of 
drops 

Percentage 

offusel 

oU 

100 

00 

108 6 

06 

101 8 

0 1 

109 9 

07 

103 6 

02 

1115 

08 

105 0 

03 

1131 

09 

106 3 

04 

114 7 

10 

107 5 j 

oa j 




If the temperature of the spirit is higher or 
lower than that for which tbe instrument has 
been calibrated, the number of drops observed 
is increased or diminished by 0 1 drop for every 
30 drops for each degree of difference 
Another process depends upon the alteration 
produced by the presence of fusel oils to ^ 
volume of the chloroform extract of 100 ml of 
alcohol and u officially recognised m Oermany 
and Switzerland A modification of the ap 
paratns consists of a pear shaped bulb holding 
about 200 ml , stoppered at the upper end, and 
having at the lower end a graduated stem of 
about 4 mm mtemal diameter leadmg to 
another bulb of about 20 ml capacity and ter 
mmatmg in a tube provided with a stop cock 
The narrow stem is graduated in 0 02 mJ from 
20 0 to 22 6 ml Fusel free alcohol is first 
prepared by fractional distillation over caustic 
alkah to resmify aldehydes saponify esters, and 
saturate acids, and is diluted with water to a 
sp gr of 0 965 at 16 6® A quantity of chloro 
form IS dehydrated and rediatiUed, and a solu 
tion of sulphunc acid of sp gr 1 2857 at 16 6 is 
prepared Of the sample under eMminatJon 
200 ml IS taken, made alkalme, and about 175 
ml distilled over Twenty five ml of water i* 
added to the distilling flask and the distillation 
continued to 200 ml The distillate is dilated 
with water to a sp gr of 0 965 at 15 6®, and this 
with the Rose apparatus and the flasks contain 
lag the reagents (fusel free alcohol, chlorofbm 
and sulphunc acid) are placed in a water bath 
kept exactly at 15® until all have acquired a 
uniform temperature The apparatus u then 
filled by suction through the lower tube to the 
20 ml mark with chloroform and 100 ml m 
fiisel free sdcobol and 1 ml of salphuno acid 
added through a pipette The apparatus is m 
, verted and shaken vigorously for 2 or 3 minutes, 
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the stop-cock being momeatszilj" opened once or 
b?rice to equalise pressure. lie apparatus is 
tien sIIo~ed to stand for 10 or 15 rninntes in tie 
■water bati at 15^, 'witi oc-casional f to 

fcasien tie separatio-a of tie reagents, and tie 
voirtne of tie cHoroform is noted. The sp- 
paratcs is tisn tiorongilv cleaned and dried 
and the operation repeated, nsrng the distOIate 
fipm tie sample instead of tie fhsel-&ee alcoioL 
An increase in ■tie Tohnne of tie cilorofona is 
observed due to the firsel oil present, and thij 
dinerence, mcltipied by the factor 0-663, gives 
the voinme of fnsel on in lOO niL, or the percent- 
age of fiisel oil bv voinme in tie 30^o distSIate. 
T his is then caicniated to tie percentage of fnsel 
oil bv voinme in the original sample according to 
tie aicoioic strength of tie latter. Eip and 
Lampe (Z. ange— . Ciem. I92S, 41, 1163) rrsfng 
tie Eose “ shaking b^nrette ” applied the 
formnla Z 0-5=2SV/c=c. fusel on. in lOO c.c. 
orignial iqnid in vrMci Z=voltime increase of 
chloroform, T=totaI voinme of solntion, and 
c=oiqnot part of original solntion. The valne 
0-542S represents tie grams of amvi alcohol 
correspcmding to tie increase of 1 mL in voinme 
of tie chloroform. A. Frev (Z. Spirrtnsnid. 
1934, 57, 190) states that accurate resnlts can 
be obtained bv thi~ method onlv if the chloro- 
form nsed is of tie highest pnrity, anv im- 
p ■mi Lies present tending to give a low resit. 

In Francs the oScisl method is that of SavaHe 
as modinsd bv Girard and Ctmissse (op. ei(.) 
and is based trpon the depth of colonr obtained 
by the actian of s tron g snlphnric add npcn the 
higher alcohols. The method gives only com- 
parative resnim and requires the observance of 
conditicms so strict as to be almost- un attainable 
in normal practice. Another method, devised 
by Beckmann (Z. NairT.-Gennssm. 1901, 4, 
1059) depends npon the separation of the 
bfgb er alcohols fipm the spirit by means of 
calcrnm chloride and carbon tetrachloride, the 
conversion of the higher alcohols into their 
nitrites by the action of sodium nitrite and 
sodrnm bisulphate, removing the excess of 
nitrons add -with sodium bicarbonate, decom- 
posing the nitrites ■with sufphuric add and final 
titration of the nitrous add, thus obtained, with 
permanganate. Schidrowitr (.Analyst, 1905 and 
1905} considers thfg method unreliable, ho^wever, 
o '- T -ig chiefiy to the extraction of ethyl alcohol 
by the carbon tetrachloride. 

Budagjan and Ivanova (Z. Unters. Lebensm. 
1932, 63, 200) have suggested a modification of 
Komsrowski's method, in which the distfilate 
adjusted to &P/o by volume of ethyl alcohol is 
tre&ted vnth dfiute sulph^uric add, potash, and 
Enver nitrate and redistfUed, the acetaldehyde 
content being determined by llohler's method. 
Another portion of the second distillate is 
treated •with salicylaMehyde and dilnte sul- 
phuric acid, the colour being matched against 
standards containing amyl alcohol and the 
MeCHO found- 

Possibly the hest zzettod hitherto suggested 
is that of Alarquardt (Ber. 1SS2, 15, 1661) as 
modified first by AHen (Analyst ,1S9I, 16, ICS) 
and later by Schiorptrita (J.S 'C.L 1902, 21, S14). 
It is based upon the oxidation of the higher 
alcohols into the corresponding adds, and the 


estimation of the latter by titration or by con- 
verting them into and w eigh fn g- their baiium 
salts. The extraction is carried ont as in the 
Beckmann process. To the washed carbon tetra- 
chloride solution 5 g. of pure powdered potassinm 
dichromate, 2 mL of concentrated sulphuric add 
and 10 mL of ■water are added. The mixture is 
shaken and gently boiled for S hours under a 
reSux condenser. It is cooled, a little pumice 
and 50 mL of recently boiled distilled water 
added, and it is then distilled to near dryness. 
The residue is cooled, 50 niL of water add^ end 
again distilled. The distfilates are mixed and 
titrated ■with X/10 baryta solution, first with 
Methyl Orange as indicator, and then -with 
phenolphthalefn. The acid indicated by the 
Methyl Orange is regarded as “ mineral acid ” 
and the diSerence as oiganic acid, which is cal- 
culated into amyl alcohol by multiplyins the 
number of ml. of baryta solntiQn by O^SS 
and the figure indica-thig the dilution of the 
alcohoL To obtain the combining weight, the 
Eoluticm containing the barium salt of the acid 
is separated S-om the carbon tetrachloride, 
e^vapoiated, filtered and finally dried in a 
platinum capsule and -weighed. The weighed 
residue is then treated -with, a slight excess of 
sulphuric acid, again evaporated, and the 
faarinm sulphate ignited and weighed. From 
the weights found the combining ■weight of the 
acid is calculated. By this method also some 
ethyl alcohol is extracted by the carbon tetra- 
chloride, but it is suggested that this does not 
I appear as acetic add after oxidation. Accord- 
[ing to Schidro-witz the eSect attributed to 
; “ Etmeral add ” (of the presence of which there 
is no proof) may be due to some acrion between 
the Methyl Orange and certain aliphatic acids 
present. Penniman end others (Ind- Eng. 
Chem.[AiiaLI, 1937,9, 91)have ad-vanced various 
criticisms of this method and certain modiS- 
cstions which they claim afibrd a very speedy 
and accurate determination. 

Comporihon. — •Whilst the proportion of fesel 
oil produced depends upon the so-urce of produc- 
tion, the nature of the ferments and the method 
of distOlation, the composition of the oil is 
also aEected by -these condrtioiis. As a generali- 
sarion it may' be stated that fusel ofl. consists 
mainly of two alcohols one of which, fsobutyl 
carbinol or iVoamyl alcohol or inactive amyl 
alcohoL is optically inactive whilst- the other, 
s-ec-butvi carbinol or active amyl alcoboL rotates 
the plane of polarised light to the left suSdently 
to render the product strongly Isvorotatory. 
The foUo'tdnn alcohols are said to have been 
separated &om fnsel oH : 

EthvL CHj-CHyOH. 
r.-PropyL CjHj-CHj-OH. 
sVoPropyL (CH 3 };-CH-OH. 
r-ButyL CjH-’CHj-OH. 
tsoButvL (CH,),CH-CHj-OH. 

/crf-Br^L (CHjljC-OH. 

Active amvL C.Hj(CH 3 )CH-CH,-OH. 
Inacrive einTL'(CH 3 ),C,H-CH.-CHj-OH. 
MethvlT;-propyIcarbmoLCH3(C3H-)CH-0 H . 
Wormal primary amyl alcohoL CjHn-OH. 

A xsrimary hexvi alcohoL CgH^j-OH. 

A primary heptyl alcohoL C^Hjj-OH . 
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Of the acids present formic, acetic, pro 
pionic, butyric, valeric, caproic, ceoanthic, 
caprylic, pelargonic and capric have been 
identified whilst the presence of ethyl acetate 
and other esters and various aldehydes has 
also been established 

The fusel oil from gram or potatoes consists I 
largely of amyl alcohols with ethyl alcohol the | 
inactive amyl alcohol being the principal con 
stituent According to Rabuteau (Compt 
rend 1879, 87, 600) the following represents ^e 
approximate percentage volume composition of 


potato Oil 

laoPropyl alcohol 15 0 

n Propyl alcohol 3 0 

n Butyl alcohol 6 6 

tsoButyl alcohol 6 0 

Inactive amyl alcohol 27 5 

Active amyl alcohol 6 0 

Products boding above 132® and 
retaining amyl alcohol 17 0 

Ethyl alcohol, ethyl acetate and 
aldehyde 7 5 

Water 12 5 


Later observations, however, do not confirm , 
Rabuteau’s statement aa to the presence of t«o ' 
propyl alcohol Ordonneau (Compt rend 
1886, 102, 217) found m commercial alcohols 
from maize, beet and potatoes, in addition to 
other substances, propyl alcohol, active and 
inactive amyl alcohol, pyridine, a base which 
he considered to be collidme, and isohutyl 
alcohol He did not find a trace of n butyl 
alcohol Earl Wuidisch (“ Arbeiten aus dem 
kaiserlicben Oesundheitsamt,' 1892, Bd 8) 
gives the following respective compositions of 
potato and com fusel oil, expressed m grams per 
kilogram and excluding ethyl alcohol and water 



Potato 

Coro 

n Propyl alcohol 

68 64 

36 90 

tsoButyl alcohol 

243 60 

167 60 

Amyl alcohol 

687 00 

758 60 

Hexyl alcohol . 



1 33 

Heptyl alcohol 




free tatty acids 

0 11 

1 60 

Fatty acid esters 

0 20 

305 

Furfurol and bases 

0 05 

0 21 

Terpenes 

— 

0 33 

Terpene hydrate 

— 

0 48 


He also analysed the free fatty acids and acid I 
esters with the results given in the table at the I 
top of tho next column expressed in percentages, ' 
the acids and esters being taken together in the 
potato fusel oil and separately in the fusel oil 
from com 

Yoshitomi et al (J Pharm Soc Japan, 
1022, 486, 661) found that tho fusel oil obtained 
from Japanese sweet potato brandy bad 
d** 0-83S2, acid number 2 828, saponification 
number 36 7 and an ester value of 33 8 ITioj 
found that 1 ib of fusel oil contained 31 8 g of 
fattj acids (of which nearly 25 g was pilmitic) 
which, when crystallised from alcohol, were free 
from the cbaractenstio fusel oil odour and 
could be used in the manufacture of soap 



Potato 

Com 

Free fatty 
acids and 


Capnc 

36 

441 40 7 

Pelargonic 

12 

12 9 14 2 

Caprylic 

32 

26 7 34 8 

Caproic 

14 

13 2 9 6 

Butync 

05 

04 04 

Acetic 

35 

27 03 


According to Stevenson (Texas State J Med 
1925, 20, 662) the fusel oil from com whiskey 
contained, per 1,000 parts, 760 parts of wo 
propyl alcohol, 180 n propyl alcohol, 40 wo 
butyl alcohol and 20 amyl alcohol Schorigin 
and CO workers (Ber 1933, 66 [Bj, 1087) have 
examined the high boihng fractions of fusel oil 
obtained chiefly from potato spirit They 
found 36% of alcohols, 13% saturated ahphatio 
acids, and 4 5% organic bases They isolated 
in pure form the ethyl esters of caproic, caprylic, 
capnc, launo, myristio and palmitic acids, 
hexyl, heptyl, octyl and nonyl alcohols, and 
' trimethy] , tetramethyl ► diethyl and triethyl 
methylpyrazine 

Tho fusel oil prepared in the South of France 
from the marc of brandy contains n propyl 
alcohol in considerable quantities Ordonneau 
(I c ) recommends that the fermentation of a 
mash should be performed with the eUiptio 
tane yeast instead of the globular bter yeast, as 
he finds by experiment that the former produces 
the n butyl alcohol, while the latter tends to 
form the i»o variety He attributes the dis 
agreeable smell of the oil from the ordinary 
mash to the wobutyl alcohol present, the more 
agreeably emelhng wine brandy containing 
n butyl and no isobutyl alcohol Other workers 
also suggest that the ferment in brewer’s jeast 
(Saeckarompeea ctrevtsice) appears to favour the 
production of wobutyl alcohol whilst Sac 
I tlwiTtynvytta elhpswdens fTxnn ^be giap* tewii to 
I produce n butyl alcohol By fractionation of 
I win© brandy 25 years old Ordonneau (1 c ) 


obtained tho following 

Per cent 
by \olume 

Aldehyde 0 003 

Ethyl acetate 0 035 

Acetal traces 

(Enanthylio ester 0 004 

Propionic, butyric and caproic 
esters 0 003 

n Propyl alcohol 0 040 

n Butyl alcohol 0 218 

“ Amyl alcohol ” 0 0838 

Hexyl alcohol 0 0006 

Heptyl alcohol 0 0015 

Amino bases (probably of the 
pyridine senes) traces 


According to Le Bel (Compt rend 1883, 96 
1363) natural white wine contains 0 2% of e®!"* 
alcohol Swenarton (Science, 1929, 70 554) 
found that crude fusel oil from molasses fermen 
tation contains, m addition to n propyl and wo 
butyl alcohol, reebutyl carbmol. and wobutyl 


FUSEL OIL, 


407 


carbinol, sIcoIqIs of tie tesyL fceptji, octyl, 
nonyl and cecyl series and otter bodies. 

Re.rzo’rcl of Fusd Oil from SplriU. — Apart 
&om tts desirabOity of removing tte fosd oil 
from spirhs intended for tcnian consmnntioii, 
tte oil recovered as a by-prodnct is valnabie for 
certain commercial pnrposes. As already stated, 
the fhsel o3 can be rapidly and almost com- 
pletely removed during tte process of rectiS- 
catioti of tte alcotol in rte modem patent stilL 
Wten, totvever, the alcotol as commercially 
prodnced. e.c. pot-stiH spirit, contains an 
appreciable proportion of fasel oil other methods 
must te adopted for its removaL These nsnaGy 
involve the addition to the alcohol of some sub- 
stance Tvhich vdn absorb the fiisel oil and can 
then be separated Son the deftiselised alcohoL 
In some cases the fcsel oil is lost whilst in others 
rr can be recovered and is available for com- 
mercial use. Among the varioTis snbstances 
proposed are charcoal, soap, oil. potash, pearl 
ash- lim e, snlphtrric, nitric and hydrochlorie 
adds, bleaching powder and potassmm per- 
manganate, Caarcoal, soap and oil are sup- 
posed to separate the fcsel oil nnchanged. TThen 
rectined over potassium permanganate or 
bleachimr powder the amyl alcohols are con- 
verted into valerates, brrt a portion of the ethyl 
alcohol is also decomposed. When bleaching 
powder is csed the mass is allowed to digest for 
some time, after which the spirit is drawn oR 
and rectiSed. It has been snggested that, if the 
spirit be distilled &om hard soda soap, the fiisel 
oil remains with the soap from which it may be 
separated by snbseqcent distillatioa at a higher 
temperature. 

Tne most approved method of separation is 
by weR-bnmt granniated vegetable charcoal or 
bime-blach. Tne charcoal is placed upon per- 
forated trays in a vessel scrrotmded by a cooling 
jacket and the spirit- stdtably ddtited, is caused 
to pass through several such trays. The opera- 
tion should not be performed above the ordinary 
temuerature, as the fusel oil is again dissolved 
morn the charcoal near the boiling tempera- 
ture. From 3 to 5 voL of charcoal are required 
for the successful treatment of 100 voL of 
brandy. The fusel oh is evolved &om the 
charcoal on treatment with superheated steam 
and the charcoal may be repeatedly used 
after heatins: to redness to drive oT any oc- 
cluded substances- 

Tr> the preparation of alcohol as motor fuel 
the elirninstion of fusel 03. is desirable, and this 
is usually accomplished by treatment with active 
carton is above. A, E. "Williains (Chem. Trade 
.J. 19S4. 95.. Ill) points our that oxidation due 
to the air contained in the interstices of the 
carbon may be avoided byaghating the carbon 
under vacuum at a temperature of 30' or less 
and the ethyl alcohol is removed by passing an 
inert gas throngh the carbon. W TihaTus states 
that a good vegetable carbon will adsorb eight 
times its wei^t of fusel oiL 

duxtbefic Fusel Oil. — -Various methods have 
been advanced for the commercial preparation 
of substitutes for fusel o3. In that described 
bv Essen, HIb bert and Brooks (•!. Amer. Chem. 
Soc- 1916. 3S, 1365) a gasoline boding at 25—15° 
and consisting chieSy of saturated hydrocarbons 


is chlorinated fay introducing chlorine at one 
end of a mass of the hydrocarbon whilst fTt nmf . 
natlug the other end with a source of actinic 
light and causing the gas to approach the lisht. 
By this means monochloro-deiivatives are 
obtained an d, as soon as these have accumulated 
to the extent of 20%, the mixture is hactionated 
and the unchanged hydrocarbons are recovered 
for retreatment. The faction, b.p. 95-140°, 
consisting mainly of pentyl and hexyl chlorides, 
is heated with an equal weight of anhydrous 
sodium acetate (with or without acetic and 
amyl acetate) for 5 hours at 200° under 
pressure in an autoclave rotated 30 times per 
minute. In this way 5S0 lb. of the crude 
chlorides gave 3S4 lb. of crude amyl acetate 
fam which fusel o3 may be obtained by 
hydrolysis. In another method snggested by 
two of these investigatois — Brooks "Sid Essex 
(FFfP. 1221667, 1917) — the chlorides are heated 
with methyl alcohol and a formate under pres- 
sure at 140—190°. 

Commercial Uses . — Fusel o3 is largely used 
: for the manufacture of amyl acetate which has 
numerous applicatipns in the arts and manu- 
I factures, in fiavouring essences (pear oil, etc.) 

1 for confectionery, as a solvent for cellaloid and 
in rnakfug lacquers, varnishes, artificial leather, 

I waterproofing andsanirarysheetingforhospitals. 
jit is also us^ in toxicology as a solvent- for 
I alkaloids, for which purpose it should be care- 
! fuHy purified by agitation with dfitrte add to 
remove an alkaloidil body which it is liable to 
. contain. On account of its strong aSnfty for 
chlorine, fusel o3 has been employ^ in chlorine 
generators for laboratory purposes as an absor- 
bent for that gas, to prevent its escape into the 
atmosphere when the supply is no longer 
required, whilst its principal constituent (amyl 
alcohol) is employed in the estimation of fat in 
mflk by the centrifugal method (B.S. No. 696, 
Pt. 2, 1936). The j.soamyl alcohol (inactive 
amyl alcohol) may be separated from fusel o3 
by agitation with a saturated solution of 
common salt. The amyl butyl and propyl 
alcohols, which are less soluble in that medium 
than in water, separate as an o3y layer, whfie 
the ethyl alcohol remains in the brine. The 
separate o3 is distflled, the portion co min g 
ofr between 105° and 120° consisting principaUy 
of fabutyl alcohol, while that distilling between 
12-5° and 140° contains the amyl alcohols. This 
is collected separately, agitated with hot- mil k 
of lime, dried over caldum chloride and re- 
distilled. the portion coming ofr between 125° 
and 132° being coHscted separately. In this 
wav the faamyi alcohol is obtained almost 
firee from bufyralcohol and finm valeric alde- 
hvde. The barinm amyl sulphate produced 
rrcim active amyl alcohol is 24 times as soluble 
in water as that from the inactive variety, so 
that these salts may be separated by factional 
crvstalHsation and afterwards treated for re- 
generation of the alcohols. 

The amyl alcohols of fusel ofi dissolve in 
about 40 parts of cold water. According to 
Balfaiano (Ber. 1S76, 9, 1437) ihe_ inactive 
■vmietv is soluble in ahont 50 parts of water at 
14° and is less solnhle at 50°. isoButyl alcohol 
dissolves in 10 parts of water at lo°- One part 
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of in&ctiTe amyl alcohol takes up about 0 08 
parts of 'ivater, whfle wobutjl alcohol dissolves 
nearly twice that amount By a contact 
dehydration process Konek (Slatematik Fer 
m^nettndominyi Ertisito, 1925, 41, 9) has 
produced a mixture of isomenc amylenes from 
fusel oiL A mixture of these hydrocarbons with 
double the volume of benzene and of ethyl 
alcohol gave a satisfactory motor fuel. Kino 
(J Soc Chem Ind Japan, 1928, 81, 749) 
found that when the fusel oQ obtamed from 
iaolxang was treated with KOH, potassium 
palmitate crystallised out in a nearly pure 
state In order to obtain suitable solvents for 
the preparation of lacquers Hsien Wn Ting 
(Chiao Tung Umv Besearch Inst Ann Bpt 
Bur Chem 1936, 8, 75) estenfies the fusel oil 
and fractionates the esters, the various fractions 
being evaluated according to their solvent power 
on nitrocellulose 

Estxmattm of Ethyl Aleah/A tn Fvatl Oil — 
Fusel oil containing not more than 15% of 
proof spirit u allowed to be delivered from 
dutiUenes m the Umted Kingdom and also 
to be admitted duty free on importation from 
abroad. The detezznmatiofl of the ethyl alcohol 
IB therefore of considerable importance, but 
although vanous methods have been suggested 
none can be accepted as free from objection 
The method commonly adopted in this country 
as sufficiently accurate for all practical pur 
poses u as follows 75 ml of the sample 
u shaken vigorously for 4 or 5 minutes m a 
separator (A) with ISO ml of water and allowed 
to stand If an emuUioo forms a few mins 
of salt are added The aqueous layer u wiwn 
off into a second separator (B), saturated with 
salt, and extracted with 150 znl of petroleum 
ether The bnnc layer is then drawn oS* into 
a third separator (C) and extracted with a 
farther 160 ml of petroleum ether and the 
bnne run off mto a distUling fiaak The oQ 
remaining in (A) is treated a second tune with 
ISO mh of water, the aqueous layer drawn off 
mto the petroleum ether in (B), saturated with 
salt and extracted The bnne layer is drawn 
off into (C) and there extracted with the 
petroleum ether, from which, after separation, 
itisnmiotothedutilLagflsak The treatment 
of the oil remaining m (A) is repeated through 


ont The 450 mL of brme is distilled and the 
first 76 ml of the distillate collected. Thu 
portion 15 saturated with salt and extracted 
with 150 ml of petroleum ether The bnne 
is run off, distilled, 75 ml collected and the 
specific gravity and Zeiss immersion reinc' 
tometer readi^ of this fraction determined. 
The refractometer reading will be somewhat 
higher than that of ethyl alcohol of the same 
density The difference is multiphed by the 
appropriate factor {1 1 is taken in ordinary 
cases) and the product is deducted from the 
percentage of proof spirit as deduced from the 
specific gravity of the distillate Slacoun 
(Analyst, 1933, 58, 664) prefers a method m 
which to 20 ml of the oil m a 50 ml Eggenz 
tube (graduated to 0 1 ml ) 5 g of KjCOj 
IB added. This is well mixed More car 
bonate is added if the onginal all dissolves cr 
water is added if there is no hue of demar 
cation between the two hquid phases The 
volume of the npper layer w noted Another 
20 ml of the sample is placed m a “ tar acid 
flask *' of 225 ml capacity which is graduated 
from 0 to 25 ml in not more than 02 mL 
intervals A saturated solution of fusel oil m 
saturated NaCI solution is added nntO the 
flask la about 1 full From 4 to 6 ml of con 
centrated hydrochloric acid and exactly 5 mL 
of petroleum ether are added The whole i* 
well shaken and sufficient salt solution added to 
make the total volume 225 mL After further 
shaking and standing untH the layers bare 
separated out, the volume of the upper layer u 
noted lot A represent the contraction from 
20 ml observed m the Eggertz tube and B 
the contraction from 25 mL observed m 
the flask The percentage of ethyl alcohol u 
(B-A)x093x6 

fTofrr CotiUnt of Futd Oil — Bakowski and 
Treszczanowicz (Frzemysl Chem 1937, 2i, 
204) suggested an azeotropic method for the 
determination of water in fusel oiL In a special 
I apparatus desigced to give an easy and accurate 
' reading of the volume of water collected they 
I use methylene chlonde which forms with water 
I an azeotropic mixture boiling at 38 45° _ 

F. G H T 

FUSIBLE METALS (r VoLI,*698i) 

FUZE POWDER(v Vol IV, 4595) 


G 


GABBRO A holociystallme igneous rocki 
composed essentially of basic plagioclase felspar I 
and augite, and contammg less than about I 
50% of silica It IS the platonic equivalent I 
of the finer gramed dolento and basalt, hanng 
crystallised slowly under considerable pressure 
from large bodies of molten material within the 
earth’s crust The felspar is the soda fame 
labradonte or the hme-ielspar anorthite, the 
augite is usually the laminated cLallage variety, 
apatite, iron-ores (magnetite and ilmemte) are 
usually present m small amount WTieu the 
orthorhombic pyroxene hyperstbene is present in 
addition to plagioclase and augite the rock is 
called a nonit The more acid quartz gabbro 
forms a passage to dionte, whilst the more 


basic olivme'gabbro grades into the pendotitw 
The rock u dark grey, black, or greenish black 
in colour, medium to coarse gramed m texture, 
and very Lard Sp gr 2 7-3 0 (weight per 
cu- ft 170-190 lb), crushing strength 640- 
2,200, average 1,830, tons per sq ft 
Analysis I of ohvme-gabbro from Skye, 
also Cr,0, trace (TV Pollard, 1900) II. 
olivme gabbro from Lizard, Cornwall , also 
Cr,0, 0-08, V,0, 0-02, Li,0 trace. FeS, 0 11 
(E C Radley, 1912) III, Quartz gabbro from 
Carrock Fell, Cumberland (G Barrow, 1894) 
IV, Kentallenite from Kentallen, Argyllshire, 
also Cr.O, 0-10. (Co,Ni)0 0-07, CO, 0 16, 
Cl trace (TV Pollard, 1900) 

Gabbro forms Urge masses and U of wide 
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SiO. 

TiO; 

Al.d, 

Fio; 

Fed ■■ 

MnO 

f.^gO 

CaO 

Na,0 

K,d. 

p:o^ 

H.O 


T_ 

li- 

HL 

TV. 

46-39 

50-69 

53-50 

52-Ci9 

0-25 

0-42 

0-45 

0-73 

26-34 

3>56 

22-2rf 

11-93 

2-02 

1-55 

3-60 

1-S4 

3-15 

3-10 

2-64 

7-il 

0-14 

0-16 

0-35 

0-1.5 

4-S2 

6-S4 

2-60 

12-4S 

15-29 

11-99 

9-45 

i-S4 

1-63 

3-35 

4-26 

0-24 

0-20 

TTT? 

0-61 

3-01 

0-53 

0-0-5 

— 

0-34 

trace 

1-12 

1-50 

0-35 

LOO-S^ 

103-S4 

100-56 

93-11 

2-S5 

— 

2-SO 



cistrioTition. OKrcrrrar, for erample, in. the 
Eighlaads of Sootlsnd. Leadslfcot in ATXshire, 
Cs-nzock. Feu in Cmnberlsrd, North and South 
Wales, the lirard district in Como-aJI, and in 
Gzems^. Ondng to its dull colonr and di£ 
cnlty of TTorhir-g, it is not verr- extensivehr 
entploTEd as a building stone ; and it is reputed 
cot to ■cearher TrelL esnecialh- those varisties 
containing care felspar. In the trade it often 
passes ttnder the nace of blach grardre ” 
(on the other bs-rd. the trade nace Norjtegian 
gshbro ” is sacet f r r es applied to the ati^e- 
sjenite — IcisrriHie — coin the south of Nonssaj). 
iledftic-grained Tarieties axe ns-sd for road 
cetsi and patiag-sets. Olfrine-gabbro is ex- 
tensrrelT qnarried' for expart at Herrestad near 
Karda in pto ' .in ce JonhSpfng, STteden, and on 
fhs Pleasant tTrer near Addison in ilaine, G.S.A- 
Ths “ Black granite ” of the KentaHen quarries 
in ArErHshire is a da-A- hfnish-greT’, cedicn- 
grained. alkaE-gahbro containing orthoclase, 
oHrine and fafotite in sddftfcjn to the csnal 
con slli-n ents, and has been named isr.ialler.iie. 
It is csed prin crpaPy for pating-sets, and on a 
pohshed Enrface S displajs bright plates of mica. 

Gabbro takes a good polish and is samethnes 
csed for ornamental pnxpcses. The diallage 
often cisnlsTS a metdlic sheen, and in the 
gabbro of Tolbjnis and near Kiev in Etissfa 
tZie labradotite sometices shooss bins reSections. 
Coarse.^az 2 .ed gabbros ■srhen partiv altered 


light- and daik-colonred minerals in 
marked contrast, and have been nsed as fer 
back as Eoman as ornamental stones. 

In some cases thg fghpar is altered to ssnssnrite 
and the diaUaxe to emerald-green smaragdite, 
the rock behiz knoTtn as cnphcfide ; this 
beantifhi ornamental stons occms in the Alps, 
Oorsfca (^‘ Verde di Corsica and Elba. A 
dark-colccred orbictdar gabbi> nrozn Dehesa, 
San Diego Co., Califortiia, has also been nsed as 
an ornamental stone. 

llsgmatic s^tegations of iron-ores, metallic 
snlphides (nicksliferons pgrrhotine and chalco- 
pjrlte ) and apatite sometimes occur in con- 
nection -vrith sabbro msssss. 

L. X S- 

GADOLINITE. A rare mine^ conptmg 
of siKcate oiTtiritim earths, bervUia and ferrous 
oxide, Be,FeY,Si.Oii~ Analyses sho~ about- 
40-Ao3o oi yttrium earths of molecular -g^ght 
250-290; the amount of erbis has been sepa- 
rate^ determined as 10-15%. It occurs in 


mu(di larger masses than the other rare-earth 
Eineials, forming rough, black and opaone 
crystals up to 50*0 kilos, in ireight. The r ry - faU 
are monoclinic ■with an orthorhombic aspect ; but 
in thin sectioos the materiai s optically isotropic. 
When heated, the mineral suddenly gloms 
Dnghtly’, a molecular transformation takins 
place ; ths material then becomes optically bire- 
fiingent, increases in spgr. (from 4-1-4-4 to 
4-4r-4-7), and c hang es in colour (as seen in 
secticrns) from greenish to reddish. Gadolinite 
occurs in some abundance as masses of con- 
siderable size in pegmatite veins at a fe— locali- 
ties; notably, at Ttterby and near Fahlun in 
Svredsn ; in the felspar quarries of Setersdal and 
Hittero, and elsevrhere in the south-east of 
Norvray; Llano Co. in Texas, Ilobave Co. in 
A riz ona, Western Australia and Japan. The 
locality- (Eaninger HiS, 5 miles south of Blufr- 
ton) in Llano Co. has yielded masses of gadolinite 
tveighing 2Q0 Ib., in asociatian ttith several 
other rare-earth minerals. These have been 
tvorked for the supply of yttri um and erbium 
earths used in the “^otrer ” of the Nernst lamp 
(W. E. Hidden, Amer. J. ScL 1SS9, 38, 474; 
1905, 19, 425). 

L. J. S. 

GADOLEIC ACID (r. Vol. ILL 247J). 

froGADOLEIC ACID (r. VoL H, 522d). 

GADOLINITE (r. VoL U, 5125; IV, 245c, 
32Ic). 

GADOLINIUM, Gd. Atomic number 64; 
atomic iveight 156-S-5£;0-001 (Naeser and 
Hopkins, J. Amer. Chem. Sac. 1935, 57, 2IS3) ; 
lS^9dzO-2 (Aston, Froc. Roy. Sac. 1934, A, 146, 
54) ; isotopes 155, 156, 157, 153, 160 (Aston, Ij:.). 

This element vas frrst identiSed bj Matignac 
in ISSO, '^ho separated its salts from those of 
other rare-earth metals present in samaiskite by 
fractional precipitatioa Trith potassium sul- 
phate (Arch, de .Geneve, ISSO, [nff, 3, 413; 
Cornut. rend. IS-SO, SO, S99). With europium 
and terbium, gadolinium forms the small group 
of terbium metals, and as the solubilities of its 
salts are intermediate between those of the 
other ttvo members of the family, the final 
separation of gadoliarum Smm these dements is 
a matter of consf-derable diScuIty. The older 
methods of separation, precipitation ly am- 
monia, crystallisation of the oxalates, fo rm ates 
and double sulphates, or combinations of these 
processes, did not, in all probability, lead to the 
comulete oii r ifl cation of the demeat (ITeyer and 
Wuller, Zt anorg. Chem. 1919, 109, 1). The 


presence of small quantities of terbium is indi- 
cated bv a feint yeHo— discoloratioa of the 
colourlei gadolinia. Europium is detected 
snectroscopfcally in the arc spectrum. 

'SoTTScns EszEACnos. — Samai s kite, 

gadolinite, ytterbite, xenotime, fergnsonite, the 
crude ^ r frin-rn earths from monazite, etc. 

Some of these may be decomposed by HCl 
or H.SOjr vrinle others must be fused -^th 
sodium pyxosulphate. Hydrofinoiic add is 
oSen a usdhl reagent for attacking some of the 
TrtTTierals as the insolnble rare-earth finorides 
mav- then be easily separated from finorides of 
such metals as niobium, tantalum, tungsten and 
zirconium — hich are soluble in ths diluted add. 
These and other metals, the chlorides of -svhich 



410 


GA3X)LINIUM. 


are readily volatile, may also be removed by 
heatmg the mineral m a stream of sulphur 
chloride or phosgene 

After separatmg the heavy metals, thonnm 
and cerium (if present m appreciable amount), 
the rare-earth metals are usually precipitate 
as the oxalates, igmted to the oxides and these 
converted into suitable salts which are frac 
tionated so as to divide the rare earths into 
groups The precise methods to be adopted m 
any particular case will depend largely upon the 
composition of the mixed earths, but the follow 
ing are tjrpical of those commonly employed 

(1) Fractional Precipitation of the Sodium or 
Potassium Sulphates — If an aqueous solution of 
a mixture of rare-earth chlorides or mtrates is 
treated with a saturated solution of the alhah 
sulphate the double sulphates are precipitated 
When this process is earned out fractionally the 
cerium group separates first while the yttnum 
earths collect in the mother liquor The salts 
of the terbium fraction are intermediate in solu 
bihty and divide themselves between these 
groups, it being usually arranged that gadolinium 
shall be jprecipitated with the cenum earths 
particularly when the amount of the latter is 
small Further separation is then effected by 
fractionation of the bromates or the rare earth 
magnesium mtrates When the concentratioD 
of the cerium group is considerable it is better 
to commence with the double magnesium utrate 
separation (fitangnac, I c , Delafontaine, Ann 
Cum Phya 1878, [v] 14 238, James, J Amer 
Chem Soc 1908, 30, 182, 1911, 33 1326, 
1012 84, 757 , Meyer and Muller le , ef also 
de Boisbaudran, Compt rend 1883, 97, 1463) 

(2) Fractional Orystallisation of the Nitrates — 
Although gadohiuum utrate is the least soluble 
of the rare-earth nitrates in xutric acid the 
differences m solubility ace comparatively small 
BO that quicker separation is achieved by em 
ploymg certain double mtrates Of these tbe 
rare earth magnesium mtrates are the most 
commonly used m the prehmioary separations, 
and fractionation of their aqueous solutions 
causes lanthanum, praseodymium and neody 
mium qmckly to collect in the head fractions 
and to be separated from samarium, europium, 
gadolinium, terbium and the yttnum metab 
After their removal crystallisation is^ntuued 
from mtrio acid (30%) instead of water and 
samarium is now separated from the least soluble 
fractions Bismuth magnesium nitrate is then 
added and fractionation continued until inter 
mediate fractions of pure bismuth double salt 
are obtamed As the solubility of this salt hes 
between those of europium and gadolinium 
magnesium mtrates it follows that the head 
fractions will contain the less soluble europium 
free from gadolinium while the tail fractions 

^wiU consist of gadohiuum, terbium, etc , to 
gether with excess of the bismuth double 
nitrate Bismuth is now removed from these 
fractions and the rare earths are converted, 
through tbe oxalates and oxides, mto the simple 
nitrates which are crystalLsed so as to coll^ 
gadolinium and terbium in the least soluble 
fractions These are then separated from each 
other by continumg the fractionation m the 
presence of bismuth mtrate which has a solu 


bihty intermediate between that of gadohmua 
and terbium mtrate Separation of these two 
may also be achieved through the double nickel 
mtrates or dimethyl phosphates or by fractional 
precipitation with ammoma (Demar^ay, Compt 
rend 1900, 130, 1469 , 131, 343 , 1901, 132 
1484 , Muthmann and Weiss, Annalen, 19W 
381,3, Feit,Z anorg Chem 1905,43 202,267, 
Urbam, J Cbim phys 1906,4 40,105, Jamei 
and Robinson, J Amer Chem Soc 1911, 33, 
1363, 1913, 85, 754, Hughes and Hopkma 
tbtd 1933,55,3236) 

(3) Fractional Crystalhaalion of the Dimethyl 
Phosphates — ^Whereas the solubUities of the rare- 
earth salts usually increase from cerium to 
ytterbium the reverse la the case with the 
dimethyl phosphates Moreover, the solubility 
differences are greater than are ordinarily met 
with so that they serve well for the separation of 
the terbium group (Morgan and James, ibid 
1914, 36, 10, Jordan and Hopkms, tdtd 1917 
39,2614, Marsh, JCS 1934, 1972, 1939, 654) 

Numerous other salts have been recommended 
for separating the rare earths into tbe three 
main groups and mention may be made of the 
bromates (Jordan and Hopkins, I e ), fomatet 
(Delafont^e, I c , Feit, I c ) and ethyl sulphates 
(Urbam, Ann Chim Phys 1900, (vuj, 19, 184) 

Separation of the rare earths has been facili 
tated to some extent by the discovery that some 
of them can be reduced to tbe bivalent condition 
and that m this state the sulphates resemble 
those of tbe alkaline earths in being sparingly 
soluble in water This is particularly useful in 
removing europium from samarium gadoliuum 
and terb^ium since electrolytic reduction of a 
solution of tbe chlorides m sulpbunc acid leads 
to the precipitation of europous sulphate (Marsh 
le Yntema, J Amer Chem Soc 1030 52 2782) 

Preparation of the Metal — The first attempt 
to obtain gadolinium metal was made by 
Schumacher and Harris (t&id 1926, 48 310S) 
who reduced the oxide with aluminium powder 
but found It impossible to remove the aluminium 
from the resulting alloy either by distillation or 
by treatment with potash Fairly pure gadoh 
mum has been obtamed by electrolysis of a 
fused mixture of gadohnium, potassium and 
hthium chlorides in a graphite crucible which 
formed the anode, the cathode being a button of 
molten cadmium in a fluorite cup, the elec 
trolyte was kept at a temperature of 625- 
676®C A fusible aUoy was produced with the 
cadmium from which the latter was removed by 
fractional distiUation in a high vacuum (Trombe 
Compt rend 1936,200,459, Bull Soc chim 
1935 [v] 2, 660) Gadolmium has also been 
obtained by heating the chlondo with alkali 
metal (Klomm and Bommer (Z anorg hem 
1937, 231, 138) 

Physical Pkoperties — ^The relative abund 
ance of the seven (t) isotopes of gadohnium 162, 
154, 165 166, 167, 168 is about 0 2, 1 5 21. 23 
17, 23 and 16 respectively The existence of 
the first two of these isotopes is doubtful (Aston 
Nature 1933. 132 030) 

Slucb attention has been paid to the magnetic 
properties of the element It has ferromagnetic 
and paramagnetic Cune pomts at 16° and 
29 6°C respectively, and at low temperatures 
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its ferromagiietic properties are superior to those 
of iron. At O' absoinfe the specific magneti- 
^tion is 253-5 C.G.S. units as compared’rrith 
221-7 for iron, vrhile the atomic moments, 
expressed in Weiss magnetons, are 35-4 for 
gadolinium and 11 for iron. The masxietic 
moment of the Gd*" ion is 39-26 magnetons 
vrhile that of the oxide GdjOs is 39-25; the 
moment of the sulphate Gd.{S0J3,8H,0 is 
39-2S (Urbain, Weis and Trombe, Compt'read. 
1935, 200, 2132 ; Trombe, ibid. 201, 652 ; Ann 
Physique, 1937, [xi], 7, 3S5; Cabrera, Compt. 
rend. 1937, 205, 400 ; J. Chim. phys. 1939, 36, 
117 ; Xeel, Z. Hektrochem. 1939, 45, 37S). 

The reduction potential is — 1-SlO and the 
potential of metal formation is -1-955 (Xoddacfc 
and Bruki, Angetr. Chem. 1937, 50, 362). In 
O-IA solution of the chloride the transference 
number of gadolinium is 0-433 (Haas and Rode- 
bush, J. Amer. Chem. Soc. 1933, 55, 323S). 

Sjudra. — ^Like many of the rare-earth ele- 
ments the emission spectrum of gadolinium is 
rich in Enes, the chief ones in the arc spectrum 
beins: 3032-0, 3646-2, 3671-25, 3719-5, 376S-4, 
3796-45, 3S14-0, 3S52-5, 3916-6, 4037-35, 4063-5, 
4130-4, 41S4-3, 4262-1, 4342-2, 6995-8. 

Some additional prominent lines in the spark 
spectrum are: 2904-7, 2955-5, 3350-5, 3422-5. 
35S5-0, 3664-6, 4251-8, 4436-2 (Albertsoal 
Phvsical Rev. 1935, [ii], 47, 370; 1936, [ii], 49, 
20S ; Kin^ Astrophys. J. 1930, 72, 221). 

Gadolinium possesses the simplest absorption 
spectra of the rare-earth ions consisting of a 
number of extremely sharp lines mainly in the 
ultra-violet. In the case of GdCljjSH.O and 
GdBr3,6HjO the spectra indicate t£at the 
6 moL”of rrater are spaced symmetrically around 
the Gd"' ion andfie between it and the halogen 
ion (Spedding d al., S. Amer. Chem. Soc. 1930, 
52. 3747 ; 1933, 55, 497 ; Phvsical Rev. 1931, 
K], 38, 2295 ; J. Chem. Physics, 1937, 5, 33). 

CEEsncu. PEOFEsrEES. — Hot trater has no 
appreciable action on the metal though it slowly 
tarnishes in moist air; it is attacked by hydro- 
chloric acid. 

ConSicting results have been obtained in 
determining the basicity of gadolinium in relation 
to its neighbours in the rare-earth series. Sher- 
wood and Hopkins (J. Amer. Chem- Soc. 1933, 
55, 3117) studying the precipitation by sodium 
nitrite give the order Sa>Eu>Gd, in agree- 
ment with Eatz and James {ibid. 1914, 36, 779) 
(hydrolysis of sulphates) and Brinton and James 
(ibid. 1921, 43, 1451) (hydrolysis of carbonates). 
On the other band, tbe last-named authors from 
expeiimeats on tbe precipitation by ammonium 
hydroxide obtain tbe order Gd>-Sa which 
agrees with the order Eu>-Gd>Sa given by 
Hitton (J.CJS. 1925, 127, 2142). Brauner.and 
Svagr (CoIL Czech. Chem. Comm. 1932, 4, 49, 
239) state that the basicity of the rare earths 
dirninishes from La to Sa but increases again 
■Ktth Gd which has a basicity approaching that 
of lanthanum. 

Coii?oir5US. 

Gadolinium Oxide (gadoiinia), Gd.Oj. — 
Colourless, amorphous, hygroscopic powder 
absorbins carbon dioxide from air. It is pre- 
pared by igniting tbe hydroxide, nitrate, car- 


bonate or oxalate ; ignition of the sniphate needs 
a ^h temperature to expel the last traces of 
oxides of sulphur. Gadoiinia is magnetic, its 
m a gn etic snsceptihilitT increasing with de- 
creasmg temperature tom about 130xl0~® at 
20’ to 279-0 xl0-« at — 140’C. (Williains, 
Physical Rev. 1919, [ii], 14, 34S) ; its specific 
gravity at 15’ is 7-407. 

The hydroxide, Gd (O H)3, is formed as a gela- 
tinous precipitate, insoluble in excess of precipi- 
tant, wbeusolutions of gadolinium salts are treated 
with alkali or ammonium hydroxide or sul- 
phide ; organic hydroxy acids hinder or prevent 
precipitation of ■fee hydroxide. like fee oxide 
it absorbs carbon dioxide from fee atmosphere. 

Gadolinium Fluoride, GdFj. — Addition of 
hydrofluoric acid to aqueous gadolinium sul- 
phate yields fee fluoride as a white gelatinous 
precipitate becoming granular on beating ; it is 
some-what soluble in hot hydrofluoric acid 
(Popovich Ber. 1908, 41, 634). 

Gadolinium Chloride, GdCIj. — Formed by 
heating fee oxide or sulphide in dry hydrogen 
chloride, by fee action of chlorine and a reducing 
agent on fee oxide, by heating fee oxide, sul- 
phate or oxalate In fee vapour of sulphur 
chloride or by heating the hyctoted chloride in 
hydrogen chloride. It is best prepared by 
heating fee oxide ■with excess of ammonium 
chloride to 200’, or higher, fee lesidnal am- 
monium salt bensg removed in vacuo at 300- 
320’C. (Reed, Hopkins and Audrieth, J. Amer. 
Chem. Soc. 1935, 57, 1159; “Inorganic Syn- 
theses,’’ 1939, ToL 1, p. 28 ; Jantsch ei al., Z. 
anorg. Chem. 1932, 207, 353). 

White, hygroscopic mass of monoclmfc cry- 
stals, sp.gr. 4-52 at 0’ ; m.p. 609’ £; 2’ (Jantsch 
el al., he., 62S’ ; Bouiion, Auti- Chim. Phys. 1910, 
[vinf, 21, 74). It is soluble in water and con- 
centration of fee aqneous solution yields fee 
hexahydrate GdCl3,6H.O as deliquescent 
monoclinic crystals, sp.gr. 2-424. Gadolinium 
chloride forms double salts with platinic and 
auric chlorides. 

When a slow current of air is passed over the 
molten anhydrous chloride there is produced an 
oxychloride, GdOCl, which is almost insoluble 


in ■water (Bourion, l.c.). 

Gadolinium Bromide. — Both fee anhydrous 
and hydrated salts closely resemble fee corre- 
suondinr chlorides and may be obtained in like 
manner. The melting-ponit of fee former is not 


sharp but extends from 765 to 786’. 

Gadolinium Iodide. — Pale lemon-yellow salt 
diScuIt to obtain pure. Formed by heating the 
anhydrous chloride at 600’ in a stream of hydro- 
gen iodide, it melts at 926’C. (Jantsch ei al., l.c.). 

Gadolinium Chlorate, Gd(CIO3)3,10HjO ; 
perchlorate, Gd (Cl 04)3,8 H.O ; bromate, 
Gd(Br03)3,9H30 ; 
iodate, Gd(l03)3,5iHj0 ; and periodate, 
GdI03,4H30, 

have also been prepared. Tbe two last-named 
salts are insoluble in ■water (Sarkar, Bulk Soc. 
f-hiTT,. 1926, pvl, 39. 1390; Arm. Chim. 1927, 
[x].8.207). 

Gadolinium Sulphate, Gdj(S04)3,8H20. 
— Separates tom a hot sointion* of fee oxide in 
sulphuric acid as colourless monoclinic crystals 
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isomorphous with ths corresponding hydrated 
sulphates of the other rare earths , its sp gr at 

14 6° IS 3 01 The solubility in water decreas 
with increasing temperature being 3 98 ] 
0^2(804)3 per 100 g HjO at 0°C and 2 26 
at 34 4° 

Heating the octahydrate to 400° 3nelds the 
anhydrous salt, spgr 4139 at 14 6° AboTe 
600° decomposition begins, while at 800-850“ 
there is said to be produced an ox^suJphate, 

GdjO.SO,. 

Gadolinium Sulphite. — Hydrates with 11 
and 12 mol HjO have been reported The first 

15 obtamed by double decomposition between 
gadolinium nitrate and sodium sulphite while 
the second is formed by passmg sulphur dioxide 
into an aqueous suspension of gadolima until a 
clear solution results , alcohol is then added and 
the solution allowed to crystallise (Sarkar, Z c ) 

Gadohmum Sulphide, GdjS, — Like the 
sulphides of the other rate earths it cannot be 
prepared in a wet way but is formed when 
hydrogen sulphide is passed over the heated sol 
phate The resulting yellow solid has a density 
3 8, IS hygroscopic and is slowly decomposed by 
water 

Gadolinium Selenate — The octahydrate, 
Gd2(SeO4),,8H20, is isomorphons with the 
corresponding sulphate and is formed when 
crystallisation takes place from aqueous solu 
tiona at 100°, at room temperature the decs 
hydrate crystallises out 

The double salt, Gd2(Se04]3 K2Se04,4H30, 
has also been made 
Gadolinium Acid Selenite, 

Gd,{8eO,), HjSeOj.eHjO, 

IB obtamed as an amorphous precipitate, be 
coming eiystallme on standing, when selemons 
acid is added to the acetate 
Gadolinium Chromate — Interaction of 
aqueous solutions of potassium chromate and 
gadolmiom mtrate yields a gelatmous precipi 
tate, slowly becozmng ciyst^ne, of a double 
salt, K2Cr04Gdj(Cr04)s.7H,0. Iftfaealkab 
chromate solution is saturated the precipitate ' 
correapoiids to the formula 

6K2Cr04 Gd,(Cr04)„10H,0 
Gadolinium Nitrate, Gd(N03)3 — faexa 
aud penta hydrate are known , the former is 
produced when the mtrate is crystallised from | 
aqueous solution while the latter separates when 
cone nitnc acid is the medium The hexa 
hydrate forms deliquescent tnclinic crystals. 
Bp gr 2 332, m p 91° , it is soluble m water and 
alcohol The, pentahydrate yields prismatic 
crystals, m p 92°, sp gr 2 406 It is the least 
soluble in lutnc acid of all the rare earth mtrates 
(von Lang and Haitmger, Aimalen, 1907, 351, 
450 , Sarkar, 1 c ^ 

Xumerous double mtrates hare been prepared, ; 
those with the bivalent metals magnesium and | 
nickel having proved useful m the soparstion of ' 
gadolininm 

Gadolinium Orthophosphate, 

GdP04 51H,0. I 

— Formed as a gelatinous precipitate, slowly be I 
coming crystalline, when a cone and slightly 


ammomacal solution of disodium phosphate is 
added to gadolinium chlonde solution 
Gadolinium Carbonate. — Carbon dioxide 
pa^ed through a warm aqueous suspension of 
gadolimum hydroxide causes the appearance of 
small crystals which, dried at 100°, correspond 
to the basic carbonate Gd(0H)C03,H20. If 
passage of the gas be contmued for a long time, 
larger crystals appear which apparently consut 
of the normal carbonate Gd2(CO3)3,13H.0. 

Addition of potassium carbonate to a solution 
of a gadolinium salt precipitates a double car 
bonate, H,CO,Gd2(COs)jt2H20 

Gadolinium Formate, Gd(HCOO)3 —Ob 
tamed by concentrating a solution of the 
hydroxide m dilute formic acid, the crystals 
when dried over potassium carbonate are 
anhydrous 

Gadolinium Oxalate, Gd2{C204)3,10HiO 
— Separates in monocbnic crystals from a sola 
tion m nitnc acid Sarkar states that addition 
of a cone solution of potassium oxalate to one 
of gadolimum chloride yields a sparmgly soluble 
precipitate of the double salt 
* KGd(C,04^2,4Hj0. 

The acetate, malonaU, tartrate, extraU and 
salts of many other orgamo acids are also 
known (Sarkar, I c ) 

Gadolinium Dimethyl Phosphate, 
Qd(Me2P04), 

— Obtained as colourless needles on crystallising 
a solution of gadolima m dimethyl hydrogen 
phosphate Its solubility decreases markedly 
with mcreasing temperature, being 37 g per 
lOOg HjO6t0°,242g et25°and67g atW* 
The salt tends to hydrolyse m aqueous solutioM 
though this IS not serious below 60° (Morgan and 
James, J Amer Chem 800 1914, 86 10, 
Marsh, JCS 1939,554) 

Gadolinium Acetylacetone, 

Gd(C5H20,)3.3H20. 

— Separates as a sparingly soluble, crystaUine 
precipitate when a slightly ammomacal solution 
or acetyikeet'one is arfaeci’to a neutrafsoilrdinrui 
gadolinium chlonde Recrystallised from chloro 
form and then from boiling alcohol it is obtained 
as rhombic crystals, mp 143 5-145° (Jantsch 
and Meyer, Ber 1920, 53, 1677 , Sarkar, I e ) 

Gadolinium Platinocyanide, 

2Gd(CN)s Pt(CN)„l8H,0. 

— Red rhombic crystals with a green reflex re 
eembling the isomorphous platmocyanides of 
yttnum and erbium , the corresponihng double 
salts of the cenum group are yellow with a bine 
reflex 

Other complex cyamdes which have been pre* 
pared are the cobalticyanide, 

Gd2[Co(CN)4]2.9HjO, 

the ferrocyanide, KGd[Fe(CN)4] 6H,0, snd 
tbeferrlcyanlde, GdtFelCN)*) 4iH,0. 

Bibhoffrap^y — B S Hopkins, “ Chemistiyof 
the Rarer Elements,” 1923 , S I Levy, “ W* 
Rare Earths,” London, 1924, J W.Mellor,* A 
Comprehensive Treatise on Inorgamc and 
Theoretical Chemistry,” Vol V, London, 1924. 
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GALAKGA ROOT. 


GAHNITE orZINC-SPINEL. Zinc aln- 
minate, ZnALjO^, crystallised' in the cubic 
system and belonging ' to the spinel group of 
minerals. According to the formula it contains 
44*3% ZnO {35-6% Znj, but this is usually 
partly replaced isomorphously by ferrous oxide, 
manganous oxide and magnesia, rrhilst the 
alu min a may be partly replaced by ferric oxide. 
The mineral usually occurs as grey or dark 
greenish-black, opaque octahedra. Sp.gr. 4-5- 
4*9 ; hardness 7i^, njy 1-805-1-S18. It occurs 
as crystals embedded in talc-schist at Fahlun in 
STveden, and more ab unda ntly in crystalline 
limestone -srith other zinc ores (tcillemite and 
franMimfe) at Franklin Furnace and Sterling 
Kill in Xe-sv Jersey. It is also found at Boden- 
mais in Bavaria (ixith pyrxhotine), ilassachusetts. 
Western Australia and a few other localities; 
and has also been observed in the muffles of zinc 
furnaces. The mineral was named in 1807 after 
the Swedish chemist, J. G. Gahn (1745-1818). 

A blue gem spinel from Ceylon containing 
ZnO 28-21% replacing magnet, and rn& 
sp.gr. 3-967, nj,l-7465, has been named gahno- 
srpind. (B. W. Anderson and C. J. Payne, Min. 
Mag. 1937, 24, 547). 

L. J. S. 

GAHNOSPINEL r. Gahstee. 

GAHN’S ULTRAMARINE (Yol. 11,25a). 

GAIZE (r. Yol. n, 1466). 

GALACTAN- SULPHURIC ACID 
ESTER (c. YoL n, 23d). 

■ GALACTOCAROLOSE (this Yol., p. 58a)- 

GALACTOGEN (c. YoL II, 302d), 

GALACTOSE (YoL H, 286a). 

GALACTURONIC ACID (u. Yol. H, 
297d). 

GALAFATITE: An aluminium potassium 
sulphate found at Benahabux near Almeria 
and other places in Spain, where it occurs in 
parallel veins from 5 to 6 m. thick. It is 
white when pure, has a sp.gr. 2-76 and hardness 
3-5. It is treated by calcination, followed by 
lixiviation with water, whereby a solution of 
potassium sulphate and a residue of nearly pure 
alumina are obtained. The calcined ore contains 
60-70% of alumina and 25-30% of potassium 
sulphate (Preus, Eng. and Min. J. 1911, 91, 261 ; 
J. Soc. Chem. Ind. 1911, 30, 282). It is evidently 
a form of alunite (q.v.). 

L. J. S. 

" Galalith.” One of the early casein- 
formaldehyde plastics, still manufactured for 
buttons, handles, etc. (B.P. 24742, 1897). 

GALAM BUTTER (r. Yol. I, 6546). 

GALANGA ROOT is the rhizome of 
Alpinia officinarum Hance, a native of China, 
and is employed in the form of a decoction as 
a remedy for dyspepsia. 

Galanga root was first examined by Brandes 
(Arch. Pharm. 1839, [ii]. 19, 52), and was snbse- ■ 
quently studied by Jahns (Ber. 1881, 14, 2385), 
Gordin (Dissert., Bern, 1897), Ciamician and 
Sflber (Ber. 1899, 32, 861) and Testoni (Gaz- 
zetta, 1900, 30, ii, 327). These investigations 
demonstrated that it contains kaempferide, 
galangin and galangin monomethyl ether. 

Kaempferide, CigHijOe, yellow needles, m.p. 
225°, is soluble in alkaline solutions with a 


yellow colour and its yellow solution in sul- 
phuric acid shows a blue fluorescence. 

The following derivatives have been prepared : 
Triacetyl-, colourless needles, m.p. 193-194°, 
tribenzoyl-, m.p. 177—178° ; diethyl ether, yellow 
needles, m.p. 137—139° ; and dibromo-compound, 
yellow neeffles, m.p. 22A-225° (decomp.). 

With mineral acids in presence of acetic acid, 
kaempferide gives yellow cryst allin e oxonium 
salts, and with alcoholic potassium acetate forms 
a monopotassium salt which is decomposed by 
boiling water (Perkin and Wilson, J.C.S. 1903, 
83, 136). 

Kaempferide is kaempferol 4'-methyl ether (I) 
(Berstein and von Kostanecki, Ber, 1899, 32, 
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318) and this constitution has been confirmed 
by sjuthesis (Heap and Robinson, J.C.S. 1926, 
2336) as follows : Condensation of benzoyloxy- 
acetonitiile with phloroglucinol (Hoesch re- 
action) yields tu-benzoyloxyphloracetophenone 
(II) which, when heated with anisic anhydride 
and sodium anisate and the product hydrolysed, 
gives kaempferide (I). 

Galangin, CisHipOg, yellowish-white needles, 
m.p. 214-215°, is soluble in alkaline solutions 
with a yellow colour. With acetic anhydride it 
forms a triacetyl derivative, colourless needles, 
m.p. 142-5-143-5°, and with methyl iodide a 
dimethyl ether, m.p. 142°. It gives crystalline 
oxonium salts with mineral acids in the presence 
of acetic acid, and reacts with alcoholic potas- 
sium acetate to form monopoiassiim galangin, 
yellow needles (Perkin and Wilson, l.c.). 

TWien fused with alkah", phloroglucinol and 
benzoic acid are produced; galangin is, there- 
fore, 5;7-dihydroxyflavonol (III). It was first 
synthesised by von Kostanedd, Lampe and 
Tambor (Ber. 1904, 37, 2803) by converting 2'- 
hydroxy-4':6'-dimethoxy-chalkone (lY) into the 



MeO 

lY, 


corresponding flavanone, and the latter into its 
laoaitroso-derivative. This compound, on boil- 



